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HooLET, Cosmo 0., Aggoc H. Baral Banitary Authority, BartoQ-upon-Inrell, 

Inst. C.K. Patrieroft. 

HoouET, E. P., Aaeoc M . Inst. Surveyor to the Rural Banitaiy Authority, 

C.E. - MaidBloQe. 

HuopSB, J. D. Surveyor to the Looal Board, Woodford, Esaex. 

HOFsmaoN, W. H Borough Engineer, Keighley. 

HoRMC, W. Engineer to the Local Board. Worthing. 

HoiwnBLD, J. W Borough Surveyor, Batley, 

HowoBorr, Jameb Surveyor Kirkleathain Local Board, Bedcar, 

Yorkshire, 

HnQHia, RoBT Towu Surveyor, Rhyl, Flintshire. 

HcHPHBOB, I*- Town Surveyor, Mex borough. 

HuTOHiHeoir, K. .. Borough Surveyor, Huntii^don. 

iMGLtB. J. C. M. In*t. C.E, .. Surveyor to the Looal Board, Compton Qifford, 

Ibtiho, W. E Surveyor lothsMunioipal Shire of ToowoDg, near 

Briabane, Queensland. 

Jeevbi, Ed Surveyor to the Local Board, Helton Mowbray. 

jENKina. U. M, Borough Engines, Neath. 

JsNHiHtM, 6 Borough Surveyor, Botherbam. 

JoNKS, A. S., Lt.-CoL, CC, Engineer to Urban Sanitary Authority, Wrexham. 

Abboo. M. Inst. C.E. 

JONES, C, Abboc H. Inst. Surveyor to tba Local Board, Ealing, Middlesex. 

0£. (_Past Fntidmt and 

Qea^rat Hon, Secretiry^ 

JoNBB, L M., Asaon. M. luBt. City Surveyor, Ohester; Engineer to the Dee 

C.E. Bridge Commiiaioners. 

Ebhp,J Surveyor to the Local Board. Haverhill, Suffolk. 

Eerbidqc, Jab Snnevor to the IJxeX Bonrd, Walgokeii. 

Kirk, Tho&, Assoc. M. Inst. City Lngineer, BriBbane, QueeuBland. 

O.E. 

Ehowlbs, E Late Borough Surveyor, Acorlngton, Laaooahire. 

Laobt, F. W., Abboc M. Inst. Towu Surveyor, Bournemouth. 

C.B. 

Laffan, Q. B., Asboo. M. luBt Borough Surveyor, Bridgewater. 

O.E. 

Lailet, C. N Late Surveyor to the I<ocal Board, Acton. 

Laud, Geo Surveyor to the Local Board, Norden, near 

Rochdale. 

Latham, E. D., Amoo. U. Borough Surveyor, Middlesbrough, Yorkahire. 

Inst. C.E. 

LAWS, W. G., M. Inst. C.E. City Engineer, Nawoaslle-on-Tyae. 

iPiut Prtiidml.) 

Lawson, C. G., Absoc. M. Surveyor to the Local Board, Southgate. 
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ZU LIST 0? MBUSERB O? THE AseOOIATION OF 

Lebte,Wii. H BoKiagb Siii'Teyni', Luton, BedFordahire. 

LEMON'.J., H. Inat. C.K .. Consulting Engineer, SouthamptiHi; anJ 62, 

(Pasf Preiident.) Palace CliiuiiberB, WeatiuinEter. 

LiTESiir, J. G., Ahsoo, Inst. CooBulting Engineer to the Local Board, Ventnor, 

LOBLEY, J., H. Inst. C.E. Borough Engineer, Hsnlej. StaBbrdahire. 

(Past President.) 

LocKwooB, P.C^M. Inat, C.E- Late Borough Sarveyor, Brighton. Susses. 

IxtFTHorsm, J. P Town Sun-ejor. Stroud, GlouceBtershire. 

Lomis,C.Ja8. Enjnueer to the FaiUwortli Loc*! Bntrd, Lanoa* 

LoNQDiH, Thob Borough Surveyor. Warrioglon. 

LoVEjoT, 0. G Loi'al Board, Watford, Herts. 

Lowe, C. U Surveyor to the Vesrry, Hiimpatsad. 

LmiD, J Borough Surveyor, Bedford, 

MacBbiib, B. a., Assoc. H. Sotveyor to the Local Board, Lincoln. 

lust. C.E. 

HacOreqdh, D. H Tovn Surreyor. Ber<rick-on-Tirecd. 

Maib, H.,Abboc.M. InitC.E. Surveyor to the Pwish nf HMmtoeramith. 

Mallihson, J Surveyor to the Local Board, Golnt, Lancashire. 

Mallihsok, T BurvBior to the Loonl Bounl, Selliy. 

Maltbt, F. T Bonmgli Engineer, Dorchestt'i. 

Hanh, Jabiz Survernr to the Local B<iiird, Seveaoaka. 

Hareb, H. C, A.MJ.C.E. .. Borough Engineer, Deivbbury. 

Habkh, T. T,, Aasoo. M. Inst. Town Surveyor, Llandudno, Camarvonsliire. 

O.E. 

MlBSH, B. S Surveyor to tha Loral Board, Cockcrmouth. 

Marshall, P. P. Borough Engineer, Norwich. 

MATBEns, O. S Surveyor to tlic Local Board, Dorking. 

Macohah, J Late Borough Surveyor, Great Grimsby, Linoolo- 

MATBKY,E.O.,As8oc.H.Tnat. Borougli Engineer, Leicester. 

C.B. 

Mawbon, Jho. Lociil Board, ShaiT, nenr Oldliun. 

Hat, F. J. C, Assoc. M. Borougli Surveyor, Maidstone. 

Inst. C.E. 

Matne,C Snrrejor Municipal Council, Shanghai. 

Mavob, T Surveyor to the Local Board, Gorton, near 

Manchester. 

HoBeatb, a. G.. Absoo. U. Surveyor to the 1«ch1 Board, Sale, Cliesbire. 

Inat. C.E. 

McCau.i'h, J. B., H. Inst, Boroug)) Engineer, Blackburn. 

C.E, (Jfemiw af Council.) 

MoKaLTiE,W City Surveyor, Ely. 

MuKiE, H. U., M. Inat C.E. City Engineer, Carliale. 

(ifer^r of Coancil.) 

M0I.AKEN, J Surveyor to the Lot^ Board, Amble. 

Meabt, M. C Surveyor to the Vosfry, St. Luke, Middli«ei. 

Mbads, T. Dk CorBCT, Assoc. Surveyor to the Local Board, ^loniaey. 
M.ln8t.aE. ( rice-i',-««fcB(.) 

Mktcalp, J. W. Surveyor to the Kur»l San, Authority, Ashby-de- 

la-Zoucho. 

MiifflLEBHOOK, 8 Surveyor to the I,ora] Board, Walton-on-the-HUL 

MiddlguiHv T. W Surveyor to the Local Board. Morpeth. 

MreoHELi.,J Borough Surveyor. Hyde, MHUoliestor. 

MoLiHEUX, W. F. T Town Surveyor. Shifnol, Salop. 

MOKOAN, W.B. Borough Surveyor, Weymouth and Melcoiube 

Regis. Dorsctsbire, 

MaiiBie,Jiio Surveyor to tlie I.oial Boiird. Neaton, Cheshire, 

UoCNTADf, A. H Surveyor to the Local Board, Witbington, near 

Mancheeter. 

Mtatt, J Town Surveyor, Leek. 
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Nbwhak, V Bomagh En)tineer, Bjdo. Isle of Wifcht. 

Nbhtoh, J^ U. liist. C.E. Oarlton Bitildinga, M&ncl i ester : Engineer to tlie 

Ijocal B<iard, Bowdim, Oieshire. 

NBWTOii,W.J.,Asgoe.M.LC,E. Borough Survejnr, Acorineton. 

NoBBlHilTOK, J. F Sttrreyor to tho Veatry, Fulbam. 

NORBISH, Q. B. SBrreyortn St. Saviour, Soutliwark. 

Ndttall, T^ Aitoc. M. Inst Eurreyor tu ibe Iiociil Boards, Kearaley and 
C.E. Bamsbottom, Lanooshire. 

PlBKiB, J.. Absoc. H. Inat. Surreynr to the Boaford Union, Rural SanitBrf 

C.E. Authority, Nottinpham. 

pABEEB, J., Absoo. M.Inst. C.E. City Surveyor, Herefonl. 

Fabbdjbom, Jab., Ajboo. M. Surveyor to the LookI Board, Tmton, near Bolton. 

Inst. C.E. 

Pabbt, A.W.. AseocM.InBt Borongh Snrreyor, Beading. 

C.E. (ifambcr of tSmnca.) 

pATTiBOK. J., jnn Borough SurTeynr, Newoartle-nndpr-Lyma 

Pestt, W. Q Snrreyor to the Rural Snnitarj Aathority, York. 

PrrsBE, J BoroQuh Surrojor, Jarrow. 

pHtLUPB,B Coun^ SuiTeyor, Olouoester. 

PicKiMNU, RicHAKD 11, Lowlber Street, WliitehaTen. 

PiLDiTCH, J. T. Burvejor to the Pariah of B^ttorsca, 

'Bluvt, S. 8., Abioc. H. Inet. Borough Surveyor, Rnvhil.ile ; Han. SKretary 

C.E. (Jfemi«r of CouncU.') Lancashire and Cheshire Distriot. 

PoLl^BD, J., AsMO. U. Inst. Late Surveyor to thu Locnl Bnnrd, Hendoti. 

C,E, 7, Gt. Qupen Stnet, WPBtminster. 

PoBTBa, K Bornugh Surveyor, Wakefield. 

powiLL, D. H. W Town Surveyor, Pontypool. 

Pbici, Johm, Absoo. M. Inat. Surveyor to tbi. Loeal Uotird, Toxteth Park, Liver- 

C.E. p™"!- 

PBITCHABD, EDWARD, 37, WaUrlm Street, Birmingham; and 2, Btorey'B 

M. In«t C.E. (/"arf Prew- Gate, S.W. 

dmt.') 
PsiXTTOB, J., M. Inat. C.E. .. 13, Mandesley Street, Boltnn, Lnnoashire. 
PcBMKLt., E, J City Surveyor, Coventry, Wamiokihire. 

Baptobd, J. C., Anoc U . but District Surveyor. Pntoey. 

C.E. 

Baksden. A Surveyor tn the Tyical Board. Chiiiivii-k. 

Baplet, Wb., jan SurveyortotheUorkingRunil Sanitary Authority. 

Bead, BiCBABD.Assoo.M Inst. City Surveyor, Glonoester. 

O.K. 

Ri<]HABM,B.W City Surveyor, Sydney. N.S.W. 

BiCHARMOir, Jas., Assoc, M. Urban Sanitary Autbority, Stamford. 

iDit CM. 

BiCHABCeoN. H Surveyor to the Local Board, Oldbury. 

BoBiHSOK. W. J.. Aasoc. M. City Surveyor, Londonderry. 

Inst C.E. 
BoBBON.O. C.. AsHOo. Af.Inst SurreyortotheI>o(«l Board, Willesden, Middlesex; 

C.E. ( .1/™^ of Coujica.) Boi. Stcretary, Home Counties District. 

BOBB, P Surveyor to the Locul Board, North Bierley. 

RorHWBLL, E TramwayB Co., Bochdale. 

EtouirrawAm, B, S Borough Engineer, Sunderland. 

BowkWh Tiverton, Devon. 

BoTLE, H., Anoc U. Inst Surveyor to the Local Board, StretTord, Lancashire. 

C.E. 

BccK, F. W County Surveyor, Keat Haidslone. 

SAM.KB, G. W Surveyor to the Sanitary Authority, Cheltenliam. 

Sassb, O. II Surveyor, CI nclon -on .Sou. 
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Sataoi, Wm. Ht 9iirTe;ar to the Local Board, East Hfun. 

Boon, H. H., Awoc M.LC-E. Engineet to the CoinniiKrionera, Hove. 

Scott, B. S Snrvejor to the Local Board, Bishop'B Stortford. 

Searmah, E Snr>«;o[ to the Local Boaid. We^Iingborougb, 

Northam ptoodiire. 

Sheffabd, Gko Borough Surveyor, Newark. 

Shottlewobth, F. H., Araoo. Surveyor to the Local Board, Uttleborongb, 
U. lost C.E. Laacaahire. 

BmDOlls, J. M. Town Surveyor, Onndle. 

Stunoa, E. J., A. H.Inat.CE. Borough Smrejor, King's Lynn. 

SiKFSOH, J Qnadrant Chambers, Buxton. 

Smith, G. F Surveyor to the Local Board, Milverton, War- 

Shith, J. W. H Borough Surveyor, Wrexham, Denbigliehlre ; 

(.Member of Coiaicil.) Bon. Sea-tl-iry, Wales District. 

Shtthk,F Loral Board, Finchley, N. 

SouTHAM, A., A.H.I.C.E. . . Surveyor, Clapham, London, S.W. 

Bpemceb. J. P.. A-M.lnst.C.K. .^0, Si.le, Newoaslle-on-Tjre. 

Spin KB.W.,ABBO0.M.Inat C.E. Rarvevor to the Local Board. Dnkinfleld. 

St. GE0HaE,PlBOtVAL,H.Inst City Engineer, Montreal, Canada. 

O.E. 

BTArFORD, J. E., Aasoo. M. Late Boroug)i Engineer, Bnraley. 

Inat. C.B. 

Stadithdbpb, T. W Surveyor to the Eaton District Local Board, Tork- 

Stahsfield-Bbuh, J., Ab«uc Town Burvayor, Bradford, Witta. 

IL Inst. C.E. 

Stephens, R. J Surveyor to theTiocal Board, Belgiave, Leioeiter. 

STBVESa, Geoboi Brook Cottage, Blaina, Mon. 

SiBWABT, A Survevoi to the Bmal Saallaiy AuthurJty, 

Ualdan, E^ssai. 

Stewart, Wk. Snrveyor to the Local Board, Bugby. 

Stoeok, J Surveyor to the Local Board, Al^ncbam. 

Strachan, G. B., Aseuo. M. Late Surveyor, Chehiea. 

Inet. C.E. 

BmAOHAN, J. H gnrveyor to the Local Board, Breutfoitl. 

Stbihgfbllow, H. W. .. .. City Surveyor, Cliicheater. 

STUARr,J.C. Surveyor to tlia Local Board, Smethwick. 

Stubbh, Wh., Asaoo, SL Inst. Borough Surveyor, Over Darwen. 

O.E. 

SWABDRIOK, JosEpn, AsMc. M. 44, Btasenuso Street, Albert 8q.. Hnuoheeter. 

Inat. C.R. 

SwiHOLsacBBT, J. E., Abboq. Surveyor to the Local Board, Rawtenstall. 

H. Inst. 0.E, 

Stkis, Ed., A.U.LC.E. .. 8nrv?yor to the Local Board, Cbeadle, Mancbester. 

Tahhib, W. County Surveyor, MonmouthBhire. Newport 

Tatlob, H.. a. M. Inrt. C.E. Sarveyor to the I,ncal Board, Clevedon, Somerset. 

THOMAS, JoBM Bur vejor to tbc Rural Sanitary Authority.SwTin BSfl- 

Tbokas, W Surveyor to the Margam Local Board, Porttallwt, 

8. Wales. 

THO»rAS,W.,ABBOC.M.InHiCE. Botoagh Surveyor, Dover. 

TaoMAS, W. E. C, Aaboo. M. Surveyor to the Bunil Sanllory Authority, Neath. 

Inst. C.E. 

Thompson, B Surveyor lo the Lcical Board, Waterloo, near 

Liverpiiol. 

Thobbchi', T. C. Borough Surveyor, Birkenhpad. 

Thobbold, S. E. Burveyor to the Liical Board, Bedditch. 

TILL, W, S., M. Inst. QK .. Borough Engineer, Birmingham. 

(Past Pretident.) 

XoiiBS, Borough Surveyor, Eastlnume. 
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Tkut. S. C SB, Mosle; street, MancheateT. 

TuDOB,E. C. B. .. ■ .. .. Surveyor to the Local Board, Goola, TorkBhirt. 

TtTSNER, L. Surveyor to the Hural Sanitnry Authority, 

HeodingtoQ, Oxford. 18, Junes St., Uifurd. 

Tai-lamcb, B. F. Town SuTToyor, Hansfidd. 

TU.ON, W. A. UclNToftH, Ramsgute Corporation Gas Works Engineer. 

Assoc H.I.C.E. 

VsNTBis, A., Absoo. M. InsL Barreyor to the Strand District Board of Works. 

O.E. 5, Tavistock Street, Covent Garden. 

Waxelan, H. T., A.H.I.O.E. Surveyor to the Local Board, Gsnrton. 

Wauaob, Q Surveyor to St. Giles District Board of Works. 

Walkeb, 0. L., AbsdcM JnsL Surveyor to the Local Board, Wood Green. 

O.E. 

Walkeb, T., M. Inst. C.E. Borongh Surveyor, Oroydon, Burrev. 
(Jfcmfor of Cvanca.) 

WAi.Lia,T.W. Borough Surveyor, Louth. 

Walbhaw, J. W Borough Surveyor, Peterborough. 

WabdlB, J. W.i'Aaaoc, M. Borough Surveyor, Longton. 

Iiut.O.E. 

Watson, J. D., Asmo. M. Burgh Surveyor, Arbroath, N.B. 

IdsL C.E. 

Watts, B.T Surveyor to the Boral Sanitory Authority, 

Bishnp's Stortford. 

Watb, H. Surveyorlotheliocal Board, Hillom.CuDiberlaiiil. 

WiATSB, Wm., Amoo, M. Inst Surveyor to the Vestry, Kensington. 

cj;. 

Webiteb, J. L. Borough Surveyor, Halton. 

Welbdhn, W Borough Surveyor, Midilleton.neBr Hanchestet. 

Wbston, Geo Surveyor to the Vealry, Paddington. 

Wbbtoh, H. J„ AiBOC. Surveyor to the Local Board, Shirley and Free- 

H.LG.B. mantle, Southampton. 

Whbbleb, O. B. W., Abboo. Surveyor, Westtninster. 

H. Inst. C.E. 

WHKEUtB, W. H., H. Inst. C.E. Borough Surveyor, Boston, Lincolnshire. 
WHiTZ,A.E.,AssQO.M.InBlC.E. Borough Engineer, Hull. 

WHITE, W. H., M. Inst G.B. Engineer to tlie Local Board, Oifotd. 
(Patt President.-) 

Whitlow, Henut Surveyor to the Local Board, Ulverston. 

WiKB, C. F., Assoc. H.I.C.E. Borough Engineer, Sheffield. 

Wild, G. U Surveyor io Local Buaid, Wuerdle and Wanlle, 

Lanoashiie. 

Wilds, W. H Borongh Engineer, Herlterd. 

WiLEiKSOH, J. P., Assoc M. Surveyor to the Local Boord, Xentou Hi-ath, near 

Inst. C.B. Manchester. 

WtLLCoz, J. E., Assoc H. 118, Colmoie How, Birminghani, 

Inat-O-E. 

WlLLSON, J Surveyor to the Local Board, Ashford, Kent. 

Wilson, OiorFRET .. Surveyor to the Local Board, Alnwick. 

WiLSON,J.B Court Honso, Cockormouth. 

Wilson, J Borongh Surveyor, Bacnp, Lancashire. 

WlLSOS, Wn.LUK Surveyor to the District I.crsJ Board, Dalton-iu- 

Fumess. 

Window, E.R., Assoc. M. Inst. Late Surveyor to the Local Board, Bishop's Stort- 

O.E. ford. 2, Fairflold Street, Prescot St., Liverpool. 

WiKSHip, G., A.M. Inst. C.E. Borough Surveyor, Abmgdon, Berks. 

Witts, J. W Town Surveyor, SkelUin in Cleveland. 

WoLSTSNHOLiu, J., Assoc M. Uorough Surveyor, lllackpool. 

Inat. C.B. 
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Wood, A. B Sarvejor to the Local Boaid, Tmulall. 

Wood, H. C Barvevor tothePatiali of Tooting, 1, Great Junes 

Bt, Bedfonl Bow. 

WooDBHiDGK, C. A SucTeyoT to the Local Board, Piuner. 

WoRgwicK, E. A. Surveyor to the Local BwmiSaltliuru-bj-tlie-Saft 

Worth, J. E., Asaoo. M. Inst EDgbeei to the Local Bjard, Totteoham. 



GRADUATES. 



Ball, Obo. Boioueh Surveyor's OfBoe, Searboraugh. 

Babhu,S.V.J Local Board OfflocH, EatiDg, W. 

Blizibd, J. H I^nsdowue House, Southunpton. 

B&AOUT, J. W. Borough Survejor's 0£B'^, Burnley. 

BbtaMB, J. Q Besideut ETiKiueer's Office, Galle Piedad, 221 

Buenos Aires. 

nBTNoro, W, G Derby Lane, Old Bwan, LiverpooL 

Cook, J Borough Surveyor'H Uffloa, Burj. 

OoopBB, O. H., A.U.LC.E. .. Surveyor's Office, Wimbledon. 

CiOW, A 85, Queen Victoria Blreet, E.G. 

F»rroN, W. Borough Surveyiir's Office, Sheffield, 

FuNU.'C. W Town Hall, Wtfit Bromwich. 

Glass, 6, N Town Hall, Hackney, E. 

Griatobei, a. D. .. Surveyor's OfBca, Town Hall, Manchester. 

HoDOBTON, J. King's Heath, BirminRliam. 

Jambboh, M. W Local Board, South Honisey, N. 

Ltnau, O. T. Borough Surveyor's Office, Boraley. 

Mmlwib,T.E,W Town Surveyor'H Offlca, Tunbridgo Wellfl. 

NiOKOLS, F. J. Borough Surveyor's Office, Leedi 

Parebb, W. Borough Surveyor's Office, Hereford. 

PlOEBBDia, J. S. East Waiwick^ire Waternorks, Nuneaton. 

Puftobabd. T Town Surveyor's Office, Riohmond, Surrey. 

RioB, E, W. AlderwLch Hooae, HouDslow. 

Sadndebs, J Borough Surveyor's Office. Newark. 

8111TH-SAVI1.LB, B. W Borough Surveyor's Office. Accrington. 

Wabd, F. D 84, Allinglon Street, St. Michael's, Liverpool. 

YouHd, W. Toira Hall, Balford. 
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TOWNS AND DISTRICTS EEPBESENTED BY MEMBERS 
OF THE ASSOCIATION. 



Abesoavesnt Jon. Haigh. 

AsiHOtiOH G. Winship. 

Abr&m Geo. HcatOD. 

AcDBITOTOK Vf. J. NeWtOD. 

„ B. Knowles. 

Aldhohot W. L. Coulson. 

AumoK G. Wilson. 

Altoh J. Barlow. 

Ai/TEINCHAM J. Stokoe. 

ALTznnOKB W. H. Pry. 

AuBLE J. McLaren. 

AasHOATn J. D. WatBon. 

Ab&bt-de-la-Zouohb (B.S.A ) . . . . J. W. Heloair. 

ASHFOHD J. WilltOQ. 

A3HT0N-0NDEB-LrKK J. T. Eamshaw. 

AapVLL Geo. Eeaton. 

Aaron Manor W. A. Daviee. 

ArcENSHAV J. H. BurtoD. 

A!ii.BgBDBT G. Cannon. 

Baoctp J. Wilson. 

BiBKiMa 0. J. Dawson. 

Babrow-im-Pdrnem W. H. Fox. 

BiBTON-iiPON-lRWELL(Iliirul)-- .- 0. C. Hoolej. 

Babfobd Union (R.8.A.) J. Parker. 

Batlbt J. W. Horsfleld. 

BATTBB9SA J. T. Pildltoh. 

Becxenhax G. B. Carlton. 

Bkdpobd J. Lnnd. 

UELasAVB B. J, Staphene. 

BenwbUi T. Etewson. 

Bebwice-oh-Tweed D. M. na<K3ngor. 

Betbrlbt J. Beanmont. 

BiHGLET K. Armistead. 

BmsENHEAD T. C. Thorburn. 

BlBHlIiGHAK W. S. Till. 

K. Pritcbttrd. 

Bmbop'b Btortfobd R. B. Bcott 

BiBHOp'g Btoktpobd (H,B.A.} .. .. B. T. Watfa. 

Blaoebitbn J. B. MoCallnm. 

Blacefooi. J.' Wolatenholme. 

Blaiha G. BtevoDB. 

Blayikui-ok-Tikb M. Uawdon. 

Bolton W. H. Brockbank. 

I, J. Frootor. 

BoOTLB-OTW-LiNAOB* W. N. Blair. 

BoOTON W. H. Wheeler. 

BoosHEMOcTH F. W. Laoef. 

BowDOH J. Newton. 

Bradivbd J. H.Cox. 

Bsaufobd-ok-Atoh J. etandiield Bnin. 

Bkat, iBitLAHD P. C. Combtir 

Brecknock B. Daviea. 

BsENTTORD J. U. StnichaD. 
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1 TOWHB USm IIISTBI0T8 RKPBBSKNTBD St HSHBKBB. 

Bridobwjitir O. B. L«thn. 

BuDLivoTOH B. B. Brown. 

„ 8. Djer. 

BaiORtoB O. E. Andieira. 

, P. C. Lookwood. 

BBUBAtn, QdENSuXD T. Kirk. 

Bbibtol F. Aihmead. 

BaoxLKT H. B. Cr^ean. 

fiCBMLBT F. 8. Button. 

Bdbslbh J. E. Wottl). 

BcBTOx-UTON-TBurr E, Olave;. 

Bust J. Outwrigki. 

Btrxiox J. H^oe. 

OuuBU H. n. HoEle. 

Oabbbaltox T. L. Hewmtd. 

ChbaiHiC E. Bjkea. 

Ohilsu O. B. Strachan. 

CnMLTBnuM G.'W. Badler. 

Ohesbhir T. Bennett. 

OBxariB I. H. J<nie& 

CKBariBTDX D. Bland. 

CHKnmn B. W. Stringfellow. 

CsmnaK A. E*nudeii. 

OiiAOTON-cni-SsA G. H. 8M*e. 

Clapeu(,S.W A.Boatbftm. 

CLBTIDOir, SOMKBSBT H. TajloT. 

CooKiBMomB B. B. Hanh. 

CoLOHvnoi H.OoodjeaT. 

GoLHE J. HKlUneon. 

OOHPTOH OlFKMD J. 0. IngUt. 

OoTmrTBT E. J. PnrnelL 

Cbkitb G. Eaton-Shore^ 

CrOMFTON J. UaiTBDIl. 

Obotdoh T.Walkai. 

„ (Buml) B. H. Cbul 

DALTOH-DT-FciBHiBa William WQsoD. 

DiBLAffTON T. W. Debnej. 

DBWSBtrBT H. C. MulcB. 

DoHGttOTBB W. H. B. CnbtreeL 

DoBKora G. 8. HatbewsL 

DoHRiHO (B.B A.) W, Baple;, jnn. 

DOTBB W. Thomas. 

Dublin 0- Hart;. 

DtrcLKT J. £(aniiaag& 

DtiKiNnsLD W. Spinki. 

Dbhoos Ja«. Collie. 

EiLQia 0. Jone*. 

EABTBomm .. C. Tomea. 

East Ham W.H.Savage. 

EDiKBUseH J. Ooopei'. 

Edmonton G. E.Eaohiis. 

Blt W. McKelTie. 

Efsom J. B. Hudii^. 

Evroir DiSTBiOT T. W. Staintboip*. 

FAiunrOBTH 0. J. Lomaz. 

Fehtos 8.A.aaodall. 

FiNOHLKi F. Smythe. 

FixKTWow H. 8. GauUw. 
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TOWNS AND DIBTRIOTB I 

Fbohb P.Ediager. 

FuLHAH J. p. Narringtou. 

GATKBEAiKnl-Tvin J. Bower. 

Glouobteb B. Bead. 

Oi/)caEBT>;B (OoQDtf) B. PbiUiM. 

OoOLi, YoBimm B. O. B. Tudor. 

GOBTON T. Mayor. 

Obantham, IiDtoourSHiBs S. G. Gamble. 

Gbut Gbimbt W. HaU. 

Gbkit QtmaBJ J. BoohaD. 

„ „ J. ManriiaD. 

Gbut Yabkocth J. W. Oockrill. 

Halitax K B. B. EMott. 

HAnrariAii C. H, Lowe. 

Haklet J. Lobley. 

Habbobhb B. DtxoQ. 

Harrow E.'E. Oapon. 

Uastlepool E. 0. Crmnmaok. 

Habwiob H. DitoliAm. 

HATCBmu. J. Kemp. 

HBADDiaTOR (Bnral) L. Tamer. 

HBcxMOHDwiKt T. GiedUU. 

Hkhdoh S. 8. Grimley. 

Hebbiosd J. Parker. 

HiBTHIBl] W.H. Willis. 

Hamnr ahu Islxwobtb W. B. Bromley. 

HgTHtt B. Grievei. 

Hrwood J. Diggle. 

HnioKLKT W. wiOooper. 

HOBXBU P.Gaakell. 

HOBNan T. De 0. Meade. 

HoTB H. H.8ootL 

Hull A.B.White. 

HcNTiNaDON B. Hntchliuon. 

Hdbbp Bboox J. HejB. 

Htdi J. Mitchell. 

InwioB KBaekbun. 

ISLIHOTON, Pabied ov 0. UigeiUB. 

Jabbow 3. Petree. 

Keabslr T. NuttalL 

KmoHLBT W. H. HopUtuoB. 

ExBBiHQTOR W. WeoTei. 

KiDiiEaiiiHn'U A. Comber. 

Knia'* Ltkh B. J. Biloook. 

Koia's NoBTOK (Bnnl) B. God&ej. 

KiBELKATEAM J. HoWCTOft. 

Lakoabtbb A. Oner. 

LBAunoTON 6fa W. De NonnanTille. 

LuDB T.Hewaon. 

Lbbe J. Hjfttt. 

LnoBam £. O. Mawboy. 

Lkwbb A. Holt. 

LlTTOM, E, W. Dawaon. 

timwaut a J. Ooitle. 

LiHOoui B. A, BUoBrair. 

LiTTLEBOBOveH P. U. Bbuttleworth. 

LirupooL CDmuoombe. 

n G.F. Deacon. 
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TOVKS iXB SISTBKTK BEPBEBBNTED BY HSHBEBfi 

Llahdudso T. T. Marta. 

LorroB in d-EvniSD C. A. Copland. 

Lohhoh (County) J. Gordon, 

LONDONSBBET, IbBLAHD W. J. BoblnBOD. 

LoNOTOK J, W. \Fudle. 

LOGOBBOBOCOB Geo. HckIsod. 

Louth T. W. Wallia. 

LovEBioPT O. H. Hamb;. 

LcTOK, BiDFOBiMaiBE W. H. Leete. 

HA0Ci.E8riEi.i) J. Wright 

HuDsroNB F. J. G. May. 

,. (Kural) R P. Hooley. 

Haldoh (BuraJ) A. Btewart. 

Haltoh J. L. Webster. 

MlKCHKSTEB J. NoWtnSD. 

8.C.Tii>pp. 

IfureriBLD B. F. Tatlnncs. 

Hahoah W.Thomas. 

KUhkkt Habbobd U.O. Codies. 

Mbl'ton MowBflAY B. Jeeves. 

Hbsborouqs T. Humphiles. 

HmDLBSBBODCH B. D. Lalliam. 

HiDDLETOM, LASOASBmB W. Welboni. 

MiLLOK H. Waye. 

Mu-vEETOs G.F.Smith, 

UutFiELD F. H. U»re. 

HoNMOUTHaHiBE (County) W. Tonnei. 

HOKTBKAL, CaHAUA P. St. GcOl^. 

HoBPETH T. W. MiddlemisB. 

Neath D. H. Jenkias. 

„ (B.B.A.) W. B. C. Thomaa. 

Nelson -iM-MABaDEai W. Dent. 

Nestan J. Mortis. 

Newabe Geo. Sbeppud. 

New Baehet G. W. BrumeU. 

Netc Maldeh T. L. Heward. 

Newoabtle-om-Tykb W. O. Laiva. 

„ J. P. Spencer. 

NEWCABTLE-DIiDeB-LniE J. pAttieOD, JOD. 

Newtoh Heath J. P. Wilkinaon. 

Newton-in-Makeefieii> B. Brieiley. 

NoBDBM Geo. LaiuL 

NOBTH BlEBLBX P. R0S8. 

NoBwiCH P. P. MarahaU. 

NoTTiHOHAM A. Brown. 

Okehavftom B. Geen. 

Oldbort H. RichardBon, 

Obbbll G. Heaton. 

OswEsmi H. T. Watelam. 

OcNDLE J. M. Siddons. 

Otbb Dabwen W. Stnbbs. 

OxpoBU .. W.H.White. 

pABDisaTON Geo. Weston. 

Padiham J. Gre^oD. 

Paiqntoh W. J, Wyfttt. 

pEHBSBTOH Geo. He&ton. 

Pttebboboucb ,. J. W. Walahaw, 

PiNNEB 0. A. Woodbridee. 

Plubstbad W.G.Fowler. 
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T0WK8 AND QISTRIOTB BEPBKSBNTBD BY MEMBBBB. 

Plthovth G. D. BalUmy. 

R. Uodge. 

PooLB J. Klford. 

PoHTTPOOL .. .. D. H, W. Powell. 

PoRTBuovTH H. P. Boulnois. 

Pbbcot W. Goldgworth. 

PuTHET J. 0. Badford. 

Bahbbottom T. Kuttall. 

Rahsoatb W. A.M. Valon. 

Bawtbnstall J. E. Swindluliiint. 

BkaDDIO A. W. Pftrry. 

Redditoh 6, E. Thorrold. 

Bhvl Bobt HugLes. 

RlCHHOND W. Bcooke, 

Rochdale S.S.Piatt 

RocBEETEB W. Banka. 

RoTHERaAH G. JennJDgg. 

RoTTON W. Dlggle. 

RuQBX W. Stewart, 

Rtde F. Newman. 

Sau A. G. MoBeafh. 

Saltbubh-bT'Teg-Bea R. A. Worewioh. 

Selbt T, MallioBon. 

SETdOAKS J. Mann. 

Bkanqhai, Coin* O.Majne. 

Shaw J. Hawaoo. 

Shmtibu) C. P. Wike. 

„ B, DarirtaoD. 

Shbrbokitb T.Fnrrall. 

Shhwai, W, F. T. Molineai. 

Shiblet and Fbeemantlb H, J. Weeton. 

Skblton ra Cletblahd J. W. Wills. 

Sleafobd Je«ee Clars. 

SUETHWiOK J. 0. Stuart. 

SonTHAMPTOH W. B. Q. Bennett 

„ J. Lemon. 

8ocihesd-on-Sea P. Dodd. 

SoUTHflATB 0. G. Lawam. 

SocTHPOKT W. Cmbtree. 

South Hoessbt Ed. Fry, 

South Skiblds H. Hall. 

Stafford W. Blacbhaw. 

Stahfobd Jaa. BichardBOQ. 

Stockpobt A. M. Fowler. 

Stocktob K. P. Campbell. 

Stokb^n-Trb»t W. Bowen, 

Stocbbbidob v. Fidi3ian. 

Stbamd A, Venlria. 

STttAT»OBD-ON-AVON T. T, AllSD. 

Stbeathan Jas. Barber. 

Btbbtfqbd H. ftoTle. 

Stbocd J. P. Lofthouae. 

St. Gbobos, Bbistoi. (B.S.A.) .. Wm. Cloulman. 
St. Gboboe thi Mabttb, Booth- 

WABK A. H. HiBoooks. 

Bt. QiLBS G. Wallace. 

St. Lcke, Middlesex H. C. Meeby. 

St. Mabt, lanMOTOK J, P. Barber. 

St. Batiocx, Southwabk .. .. G. B. Norrish. 

St, Thomas, hbab Exeter S, Churchward. 
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XXll TOWKB AND SISTBIOIS BEPBSBEHTBS BY 

BuKSERi^SD B. S. Bonnthwute. 

SciTOH, BoBBEi E. W. Ciickmaj. 

SwAKBEA <Bural) J. Thomsi. 

SWIEJTOM, YoBKBHlBI J. C. HallsT. 

SSDNBT, S&V B. W. Biohards. 

TAinroBTH (B.B.A.) B. J. Glaraoo. 

TBWKBBBDBT, QLOUOKnBSHIBB W. H. Onj. 

TiTKBTOB, E^OK Wm. Bowe. 

ToDHOBDEti A. GreeDvood, 

TooTdo Jas. Barber. 

TOBQDAT JoMph H»ll. 

TorrnraHiH J. K Worth. 

ToiTViH Pabc J.Price. 

Tdhbtall A. B. Wood. 

IcRTOH Jm. PmUhboii. 

DLTEBffnnr Hj. Whitlow. 

Tkhthor J. G. LiTua;. 

WiKEiTKLD R. Portei. 

Waia&ll A. Hardwicke. 

Walsokbk J. EerridKe, 

WjiL'TON-oN.THa-Hiu. 6. Hiddhibiook. 

Wakbtud J.T. Bwssej. 

Wabbihoton T. lADgdin. 

WaTIBLOO, LlTEBFOOI. B. ThompBOD. 

Wattobd C. C. Lorejo;. 

Watektbxe LDizOD. 

WELUHOBOHOtlQH E. fibaTDUUl. 

West Bbomwioh, Statfobiweibb .. J. T. Eayrs. 

Wb0t Hah, Loiidoi' L. AiikoU. 

WBaTBAHFHCTTB (B.B.A.) .. .. J. T. S&wkini. 

West Habtlbfcko. J. W. Brown. 

Wwrnumro G. B. W. Wheeler 

Wbstoh-bufbb-Habb A. £. Oollhu. 

Wbtxoitth akd BiBLOOifBS Bmu . . W. B. Horgan. 

Whitbhavbn J. B. Brodie. 

„ B. Piokerlng. 

Wnma T. HiKKinaon. 

WiLLnDKM O. 0. BobeoQ. 

WamLdMN W. Banto Crimp. 

WirBiHOTOM A. H. Hoonlam. 

WoLTBBBAiiPTox B. E. W. BerringloD. 

WooDTOBD J. D. Hooper. 

Wood Gbcbh 0. L. Walker. 

WOBUOF J- AOaopp. 

WoBTHDio W. Home. 

Wbexbax J. W. M. Smith. 

A- B. Jones. 

„ (BnnJ) A. 0. Bauoh. 

WrBBSLi AHD Wabdlb G. H. Wild. 

YoBK(BMal) W. G. Penty. 

PABLIAMENTABY COMMITTEE. 
E. B. Elij(».Claiik, Chatrman. 
Lfww Akobll (Wast Ham). I A. Pakby (BeadineX 

Ohab. Johw (Ealing). 0. C. Bobsoh (WiflesdetiJ. 

T Db C. Hbu>b (&>nu<i;). | W. B. Whub (Osfor<^ 
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RULES OP THE ASSOCIATION. 



I.— That the Society be named the"As800iATiOK of Hunioipal add 
Samitabt Ekqinebbs and SoBTEroBe." 
II. — That the objects of the Aesoctation be — 

a. The pTomotion and inteiDhBiige among ita Hemben of that apeciet 
of knowledge and pracUoe wbloh falls witliin the departmeot of 
an EDgiiieei' or Snrveyoi engaged in tbs dieoharge of the duties 
fmpcaad by the Pnblio Health, Local OoTeminent, and otlier 
Sanitary Acte. 
). The promotion of the piofeedonal Intereets of the Uembers. 
c. The geneial promotioa of the objeots of Baoilar; Science. 

III. — That the AMOci&tioo consiat of GmX Engineers and SurreyorB hold- 
ing chief permanent appointments under the varioos If unicipal Corporations or 
Sanitary Authorities within the control of the Local Government Board, or 
under the Metropolis Local Management Acts. Each Candidate for Member- 
ship shall be proposed by at least two MembeiB, who from personal knowledge 
of such Candidate shall certify that he poBsesaes the necessary qualification. 
Candidates residing outside England and Wales not known by two Members 
of this Association may be proposed by three Corporate Members of the 
lostitution of Civil Engineers. Members who cease to hold their appointtnenta 
are eligible for re-election by the Conncil, hut will be disqualiSed from holding 
any office. Civil Enj^neera and Surveyors holding other chief permanent 
appointments under any Public Authority within the United Kingdom, or in 
the Colonies or Foreign Countries, shall be eligible for election as Members, 
Bubject to the approval of the Council The Council shall also have power 
to elect such Honorary Members as they may see fit. 

IV, — That the affairs of the Association be governed by a Council, con- 
sisting of a President, Three ViceP-residenta, Twelve Members, and an 
Honorary Secretary, to be elected annually. The Past Presidents and the 
District Secretaries for the time being shall also be Members of the Council, 

T. — That the Conncil shall Dominate one name for President, six fw 
Tice. Presidents, one for HonorMy Secretary, and fifteen for Ordinary Members 
of Council In addition to these each Member of the Association shall be at 
liberty to nominat« one Member for the CouncU, but In the event of the last- 
named Nominations exceeding fifteen, the Conncil shall reduce them to that 
number, so as to leave thirty names in all from which to elect the required 
number of Ordinary Members of Council. Members' Nominations must be 
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ill th.e bands of the Secretaij on or before the 20th of April in each jear. 
And in case the Members' Nominations should not reach fifteen, the Council 
shsli have the power to make up the total number of Nominatione to thirty. 
Such list of thirty Nominations shall be printed and sent to each Member of 
the Association not less than fourteen days previous to the Annual Meeting. 
Every Member shall be entitled to vote for or erase any of such Nominations, 
or aubatitute otlier names, subject in all cases to the limits of Rule lY., and 
return the same within seven days from the date ofissue. Such ballot papers 
shall be examined in London by thfl President, Secretaries, and two Scruti- 
neers appointed at the previous Annnal Meeting, or by any two of the afore- 
said Members. Any Member canvassing for votes for the office of Member 
of Council shall be considered ineligible for election. 

TI.— That the Association be formed intc District Committees which shall 
include the whole of the Members. Such Committees shall meet from time 
to time, in convenient centres, fen: the discussion of matters of local and 
general interest connected with the Association. Each District Committee 
shall appoint a District Secretary, who will Iteep records of local proceedings, 
and communicate with the CoucciL Ail District Secretarii^s shall vacate 
their office at the Annual Meeting, and Member? shall tlien be appointed to 
act as Local Secretaries until a District Meeting can be arranged, at which 
Meeting a District Secretary stall be appointed. 

TIL — That a General Meeting and Conference of the Association shall be 
held annually in such towns, in rotation, as may aSbrd convenient centres for 
assembling the Members. 

VIII. — That each Member pay an entrance-fee of One Guinea, and a 
subscription of One Quinca per annum. 

IS. — That no new Rule or alteration of any existing Rule be made unless 
Notice of Motion for such purpose, and the proposed Hesolution thereon, be 
sent to the Secretary by the 31st March, and such Notice of Motion and 
Itesolution shall be printed in the Agenda for the ensuing Annual Meeting. 

X. — That Candidates successful in obtaining certificates of competency at 
any examination undertheauHpicesof the Association, and who are not other- 
wise qualified as Members of the Association, shall constitute a class of 
Graduates, on payment of an annual subscription of One Guinea ; and as such 
shall be entitled to attend llie General and District Meetings and to take part 
in the proceedings thereof, and be entitled to a copy of the Minutes of the 
Proceedings, but shall not taliepart in the election of the Council. Graduates 
shall be transferred to the class of Member when qualified according to 
Rule III. A Graduate shall not be required to pay an entrance fee either on 
bis becoming a Graduate or on his transfer as a Meml:>er. 
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ASSOCIATION OF MUNICIPAL AND SANITARY 

ENGINEERS AND SURVEYORS. 

SIXTEENTH ANNUAL MEETING. 
Portsmouth, Jvly 4th, 5th, atid 6th, 1889. 



GENERAL BUSINESS. 

The Members assembled in the Council Chamber, Ouildhall, 
Portsmoath, where the Major (6. Ellis, Esq.) warmly welcomed 
the Association to Portsmouth. Mr. EUice-Glark, President, took 
the chair, and the Minutes of the Annual Meeting held in London 
in July 1888 were read, confirmed, and signed. 

The SECBBTAitT then read the Cooncirs Aonnal Report for the 
year ending April 30th, 1889. 



ANNUAL KEPOKT. 

The Council have much pleasure in meeting the Members, and 
in presenting the Annual Report of the proceedings of the past 
year. They haVe also much satis&ction in being able to state 
that the progress of the Association is well maintained. 

Since the last General Meeting in London on the I2th, 13th, 
and 14th July, 1888, there have been held five District Meetings 
— at Vyrnwy.on the 29th September; at Sunderland, on the 23rd 
of March, 1889 ; at Southampton, on the 4th of May ; at Salford, 
on the 17th of May ; and at Hull, on the 22nd of June. The 
meeting at Vymwy and the meeting at Salford — the former tiie 
works of the Liverpool water supply, and the latter the works of 



the Mam^eeter Ship Canal — afiforded opportauities of inapectiDg 
two of the gieatest engineeriag undertakings of the present day. 
Althoagh the number of the District Meetings has this year 
scarcely come np to the average of past years, they have in their 
infitxnctivfi valao and in their interest been qnite equal to any that 
have preceded them, and the Council again desire to place on 
record the kind assistance accorded to the Association by the 
various Municipal and other authorities, whose conrteons receptions 
have done so mnch towards the success of the meetings. 

Daring the financial year, ending April 30th, thirty-one new 
Members, consisting of twenty-one Ordinary Members, and ten 
Graduates have joined the Association, three names have been 
written ofT, and the Conncil regret to report the deaths of Mr. 
Batten of Birmingluan, Mr. Grnse of Warminster, Mr. Harpnr of 
Mertbyi Tydvil, Mr. Miles of Blaby, and Mr. Ramble of New 
Bamet. 

The nnmber on the roll of the Association at the close of the 
year was — 13 Honorary Members, 333 Ordinary Members, and 
25 Oradoatea, making a total of 371, as against 849 at the end of 
last year. 

The audited Balance Sheet, which accompanies this Beport, 
shows a balance in hand on April 30th of 320Z. 1 la. 5d., aa against 
a snm of 369i. 1«. Id. on April 30th, 1888. The extra expendi- 
ture on the volume of ' Proceedings,' and the amonnt charged to 
"office famitnre," accounts for this somewhat diminished balance. 
Taken, however, with the statement of assets and liabilitiee, the 
financial position of the Association is satis&ctory. - 

The Ballot lists having been duly issned, the Scrutineers report 
the following gentlemen elected for the Council : — 

Prmdent. — H. P. Bonlnois. 

Viee-PresidentB. — C. Dnnscombe, T, Hewson, and T. De C. 
Meade. 

Ordinary Members of CouneS. — W. B. G. Bennett, A. Brown, 
J. Cartwright, J. H. Cox, W. S. Crimp, J. T. Eayrs, E. B. 
B. Escott, A. M. Fowler, J. B. MeCaUum, H. U. McKie, A. W. 
Parry, and T. Walker. 

Honorary Treasurer. — L. Angell. 

Honorary Secretary. — C. Jones. 

The Council have found it necessary to secure additional 
accommodation for the conveoience of their meetings, and have 
accordingly entered into arrangements with the Secretary for the 
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nee of a room, wMch they fnmifib, and towards the rent of which 
they agree to pay 201, a year. 

The Council have had under their conaideratioQ the question of 
premiams for pupers, and have resolved to offer annually two 
premiuma of 10/. and 51. reapectiyely, for the two best papers read 
after the Annoal Meeting of Jnly, 1888, and the Council have 
nominated a Committee, consisting of the Past Presidents of the 
Association, to award the premiums, and reserve to themselTes the 
right of withholding the preminms shonld they consider the papers 
are below the reqaired standard of merit 

The Sewer YentilatioQ Committee report that they have collected 
much evidence bearing on the stibjcct of their investigations, and 
the Conncil had hoped to have reported the conclusion of their 
labours ; unibrtunately, however, owing to the illness of one of the 
principal members of the Committee, the embodiment of their 
work is unavoidably delayed. 

Since the kat Beport two examinations have been carried out, 
the first of which was held on the 26th and 27th October, 1888. 
At this ezaminatiim ten candidates presented themselves, of whom 
the following satisfied the examiners, and were granted certiiicates 
of competency : — K B. Brown (Bridlington Quay), W, G. 
Bryning (Liverpool), W. C. Field (Eastbourne), I. T. Hawkins 
(Chichester). J. S. Millin<!:ton (Wavertree), and J. B. Wilson 
(Cockermonth). The examiners were Messrs. L, Angell, H, P. 
Boulnois, G. ^Dunscombe, and G. Jones. The second examination 
was earned oat on the 29th and 30th March, when eighteen 
candidates presented themselves, and of these the following satisfied 
the examiners and were granted their certificates: — J. H. Blizard 
(Southampton), J. W. Bradley (Bnmley), G. F. Carter (Leeds), 
W. B. Dixon (Wolverhampton), H. Nettleton (Leeds), W. String- 
fellow (Southampton), W. J. Taylor (Southampton), and G. B. 
Tomes (Eastbourne). The examiners were Messrs. L. Angell, 
C Dnnscombe, H. P. Boulnois, and C, Jones. Both of these 
examinations were held at the Institution of Civil Engineers, the 
use of which was kindly granted by the Council of that body. 

The Committee of the Council having very carefully considered 
the question of Registering the Association under the Companies 
Act, and of the advantages that such incorporation would afford 
especially in the matter of examinations, report strongly in favour 
of such a step being taken. The Council fully approve this report, 
and accordingly a resolntion is placed on the agenda paper for 
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yont consideiation, haTing for its object the neceesary p 
to carry the Cooncil's recommeodation into effect. 

The Heport was ananimooBly adopted. It having been moved 
and seconded, it was agreed that the varioos Diatrict Secretaries 
continoe in ofBce till tiie next Meetmg in their respective 
districts. 

Messrs. Brooke, Eachos, Lowe, and Eadford, were appointed 
Scrutineers for the ensuing year. 

Messrs. B. Ciodfrey and S. Gamble were appointed Anditors for 
the eoBning year. 

Mr. J. Gordon proposed and Mr. White seconded a hearty vote 
of thanks to the retiring President for his valuable serricee to the 
Association daring the past year. 

The resolution haying been unanimonsly adopted, Mr. Ellice- 
Clark returned thanlcs and introduced the Preeident-Elect, Mr. H. 
Percy Boulnois, who then took the chair. 

Mr. Lewis Angell then moved the following resolution : — 
" That the Association be registered under the Companies Act, 
and that a Committee of five Members be appointed, with full 
powers to carry the aforesaid resolutioD into effect" 

Tliis was seconded by Mr. Gamble, and carried unanimonsly. 
The Committee to consist of the following five geDtlemen : — 
W. Santo Crimp (Wimbledon). 
G. E. Eachus (Edmonton). 
T. De C. Meade (Homsey). 
0. 0. Eobson (WiUesden). 
T. Walker (Croydon). 
With the President, Hon. TreaBorer, and Hon, Secretary as 
exHsfScio members. 

The President then read his inaugural address.* 

Cha8. Jokes, Eon. See. 
Thouas Goi.£, Secretary. 
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DISTRICT MEETING AT VYRNWY. 

September 29th, 1868. 



THE LIVERPOOL WATERWORKS. 

Thib waa the second fisit of the Association to these works — tba 
first OGcaaon being dniing the Presidency of Mr. C. Jones, October 18, 
1882.— and an accotint of the visit and of the works will be fbtmd 
in the IXth. Tolnme, of the ' Proceedings ' of the Association. 

These works were comnienoed in 1881, so that the memfaets, cm 
the occasion of the first visit, had an excellent opportunity of 
inspecting the work in its early stages, more particularly the foun- 
dation in connection with the masonry dam, whilst the second 
Tisit afforded an opportunity for an inspection of the works in a 
more completed state. Few people can hare any knowledge of 
the impediments that have cropped np at every step in the 
progress of the works. 

The river Vymwy is one of the most important sources of the 
Severn, and it therefore devolved upon the Navigation Commis- 
sioners and other bodies interested in the waters of the latter rivet 
to secnre such a continnons supply from Lake Vymwy as would 
compensate the river for the loss of a portion of the Vymwy 
drainage area. They have not only done this, bnt their arrange- 
ment is of snch a nature that thionghout the year they will 
receive three or four times as much water as the dry-weather flow 
of the Vymwy, while in the summer the snpply will be still 
further increased. The Corporation are compelled by their Act 
of Parliament to provide compensation water to the extent of 
10,000,000 gallons daily, with an additional 40,000,000 gallons 
during four days in each of the eight dry months of the year — that is 
to say, from March to October, inclnsive. In consequence of this 
the expense of the dam was considerably increased. This is but one 
instance of the contingencies which have arisen since the commence- 
incut of operations, and which have involved an extension of the 



.vGooglf 



LIVBBPOOL WATEBWOBKB. 7 

original eetimates. The mimmam flow of theetream in Jane 1884, 
was about 2,000,000 gallons per day. The maximnm flow has not 
reached 1,800,000,000 mnce the tecorda were commenced in 1878. 
In the valley stands the ancient 'village of Llanwddyn, which is soon 
to disappear. Some of the houses have already been demolished, 
others are in process of demolition, and the remainder will not be 
spared long. The Tillage formerly consisted of about 30 houses, a 
parish church, two chapels, an hotel, and two pnblic-hooses. The 
old road, which has existed for centuries, and was the highway from 
Llaufyllin to Bala, passes through the centre of the Tidley, and as 
it will be snbmerged by the imponnded water, it has been neoeesary 
for the Corporation to coustmct an entirely new rood. A road 
varying in Ovation from 10 to 30 feet above the high-water level, 
and nearly 12 miles in length, has been made aronnd what will, in 
the near fntnre, be a vast lake. On the side of a hill some diatuice 
from the village a new church and a vicarage have been erected, 
and the bodies from the old churchyard have been removed to and 
solemnly interred in the chnrchyud attached to the new edifice. 
Dwelling-housetf are to be provided for the villagers. The Corpo- 
ration are the owners of 13,000 acres of the area surrounding the 
site of the lake, and on plots of this land now exist the temporary 
dwelliuga of the engineering staff and of the employes engaged in 
the various works. 

The Vymwy rises to the east of the Berwyn range of mountains, 
and fiovra through the valley, which is a tract of alluvial land about 
five miles in length, and varying in width &om a quarter to half a 
mile. The average rainfall is about 70 inches. Of the twenty 
rain gauges which have been in operation upon the Vymwy drain- 
age area for many years, one to the east has recorded 49 ' 7.^ inches 
of rain in a year, while another to the west has recorded 118"51 
inches in a similar period, or more than three and a half times as 
much as the average rainfall in LiverpooL This should dispel the 
douhi, if any exist, as to a possible insufficiency of supply. The 
entire watersheds will cover an area of 23,000 acres ; the water 
from 18,000 acres will flow into the Vymwy valley direct, the 
remainder being the flow of the streams, Afon Conwy and March- 
nant, which will be connected with the valley by means of tnnnds 
before the scheme is completed. The lake itself will be nearly 5 
miles long, and will have an area of 1,115 acres and contain 
12,000,000,000 gallons. The high-water level wUl be 825 feet above 
the level of the eea. The first instalment of water to Liverpool will be 
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Bomethiag like 13,000,000 gallons per day, but when the works 
are finished in their entirety the daily supply is expected to come 
np to 40,000,000 gallons, a quantity very fer in excesB of the 
present requirements of the disbict eapplied. 

For the Btotage of water 84 feet above the bed of the river it was 
necessary to have a dam 144 feet above the lowest rook foun- 
dation. The Yyrnwy dam has a sound foundatioD on rock com- 
monly called clay-slate. It is 1173 feet in length, and the contents 
of the wall are about 260,000 cubic yards. The stone of which 
the dam is built stands an average pressure of over ^00 tons per 
square foot, and the mortar stands, after two years. 'Z75 tons per 
square foot ; whilst the concrete stands between 200 and 300 tons per 
square foot before cracking or showing any signs of failure. It has 
been stated on good authority that the greatest weight per square 
foot on any part of the masonry is only 3 to 4^ per cent, of the 
actual crusliing stress of the cement concrete and 1 to 1^ per cent, 
of the crushing strees of the stone. The Vymwy dam has been con- 
structed under conditions very similar to those which gnided the 
French engineer in the work of the Fnrens reservoir and of 
Gtett, Fife, R.E., in the constmction of the Earakvasla dam near 
Foonoh. The dam is constructed of stones from 1 to 10 tons 
weight dressed to a flat surface on the underside. Each stone is 
bedded in stroug cement mortar and the interstices between them 
are rammed with smaller stones and cement mortar. In portions ' 
of the dam far from the water iace cement concrete is simUarly 
used. The rock from which the stones are obtained weighs 2'Oti 
tons per cubic yard. The dam contains about 250,000 cubic yards 
ot material, and weighs about 500,000 tons. Samples having been 
taken from the dam for testing, the weakest was found to bear 
150 tons to square foot. The maximum pressure on the wall is 
about 8 tone per square foot. The wat«r face jointa in the stone- 
work are at lirst unfilled to a depth of sit inches, and are snb- 
seqaently filled in with cement mortar and caulked. At the top of 
the dam there is a viaduct, with a series of well-formed arches of 
24 feet openings between the valve towers, through which the 
flood water will How in a cascade from the reservoir to tlie basin 
below. On the top of the dam, and over the arches, three cranes 
are now employed hoisting stones for levelling the wall prior to 
the formation of the road from one side of the valley to the other. 
This new roadway will bt! 22 feet wide, with a small footway on 
pach side, and walls designed in sucli a way as to aflbnl the best 
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ptotection to pedestrians whilst improTing the appearance of the 
stractnre. Id the dam there are two apertures 15 feet in diameter, 
through one of whioh-the rirer was flowing, bat both are to be 
immediately bnilt up with bricks and cement. In the central 
portion of each there will be laid a pipe governed by two valves. 
By means of a second pipe in the aoatbem tannel the water will 
be condneted to tbe measuring house where the compensation water 
will be r^;alat«d. The Himant tannel is 7 feet in diameter, 2^ 
miles in length, and forms part of the agnednct. From this tnnnel 
a calvert extends to the Vymwy tower, which is now a conspicn- 
oufi object in the valley. From an engineering point of view, this 
is one of the most interesting features of the works. It serves two 
principal objecta : the first being to draw off the water at any desired 
level from the lake, and the second, to strain from it the floating 
particles which so greatly increase the cost of filter bed main- 
tenance. The strainers are of copper, 120 meshes to tbe lineal 
inch, are 9 feet in diameter, and 25 feet high. The principles of 
coostraction and the natnre of the machinery to be used were fally 
explained. This tower, which is sitaated at a considerable distance 
irom thediatnrbing influence of any tributary stream, is approached 
by a masonry viadnct. 

At Oswestry, a distance of 17 miles 634 yards at the month of 
the Llanforda tunnel, the water is received into a storage reservoir 
covering 17 acres and containing 50,000,000 gallons. From this 
reservoir the water is delivered into fitter beds three in number (in 
conrse of construction), each having an area of 8000 sqnare 
yards ; the water is filtered through sand and gravel, and then sent 
on to Liverpool. There are four balancmg reservoirs on the way : — 
1. Pare Uchaf; 2. Oat Hill near Jlalpas; 3. Cote brook; 
4. Norton Tower. 

There are two important river crossings, the Weaver navigation, 
and tbe Mersey at Buncorn — this latter is, under a decidon of the 
Board of Trade, to be in tannel ; but at the Weaver the aqueduct 
will pass beneath the bed of the stream in steel tubes. 

The scheme was projected by the reports made to the Corpora- 
tion of Liverpool in 1887 and 1878 by Mr. Deacon, who, in 1879, 
prepared the Parliamentary plans. In the autnoin of that year 
Mr. Hawksley became associated with Mr. Deacon in the nnder- 
taking, but resigned in 188-5, and the works are now drawing 
towards completion under Mr. Deacon. 
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DISTRICT MEETING AT SUNDERLAND. 

March 23rd, 1889. 

Edd in the Committee Boom in the Municipal BuUdingt, 
Sunderland. 

K. B. ELUCB-CLiaK, Prendeni, in the Ghair. 



The following Papers were read and diBonssed : — 



ON THE AIR PBESSDEE IN SEWERS. 

By JOHN PETREE, Borocgh Sdbtbyob, 
Jabbow, 

It is not my intention to advocate the principle that the air from 
Bewera is in no way innocuouB j yet I am not at all disposed to 
consider it of Bach a dangerous nattire as is genco^y sopposed. 

A very able paper by Mr. J. 8. Haldane on the " Air of Bnildinga 
and SeweiB," was r«id during the Congress of The Sanitaiy 
Institute of Great Britain, at Bolton, in September, 1887, and 
published in the ' Sanitary Record ' of the following month. 

That writer, after careful investigation of the subject, states* 
that " sewer air has commonly beea supposed to be ' loaded ' with 
micro-carganisms, whereas, in reality, it turns ont to be scone of the 
freest air from micro-organisms that can be found." 

Further on, " What is the sapposed evidence for the causation of 
typhoid fever and other diseases by the inhalation of sewer air ? 
We may dismiss at once, as absolutely worthless, collections of cases 
in which something has been found wrong with the drains in a 
house where a case of typhoid fever has occurred, or where the 
patient has been found to have snified at a sewer grating or venti- 
lating pipe shortly before his illness." 

* 'SMiitary Eeoord,' page 158. 
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Almost OTery person who has been in any way connected with 
sanitary matteiB and hoose drainage, will at times have heard it 
Baid that the gases generated in seweia nill pass throngh traps, 
sealed with water, and in this way enter the dwellings, not only of 
the very poor, bnt also (and more frequently) the better class of 
houses, occnpied by those who have ample means to adopt the most 
costly appliances to secure protection &om the insidious enemy. 

Manufacturers bare endeavoured to meet the demand for traps 
with such a depth of seal that the effect produced may he compared 
to usmg the strength of a strong man against a force which a child 
might resist 

Becently I had occasion to cause the depth of seal in a syphon 
trap to be measured previous to fixing. This was found to be 
6 inches, whibt the depth of seal to an ordinary yard sink was 
found to be 6^ inches. 

When we consider the power required to carry floating matter to 
a depth of 6^ inches before it can be discharged into the sewer, we 
are struck with tb^thonght that such a conbiTaoce is well adapted 
to retain filth, so that decomposition may be accomplished near to 
the dwelling, instead of immediately passing it into Uie sewer to he 
carried away at onoe. 

Probably few towns in England are to be found where sewers 
are not reotilated, either by (1) openings at the street level, (2) 
shafts carried up the gables of houses, or (3) the more eflfectual 
means of furnaces and taU chimneys in cases where the cost is not 
too great to admit of that mode being adopted. 

Where sewers are thus ventilated, we may safely estimate the 
pressure of sewer air upon household stench traps, when the course 
for sewerage is not obetmcted by foreign matter, by atmospheric 
weight 

There cannot be a greater upward pressure from the sewer at 
two given points than the difference of weight between the atmo- 
spheres at those points, in other words between the lower and 
lugher levels. 

Further, where openings are made all along the route, each ot 
those openings will in many cases act as upcast and downcast at 
the same time; the upward current at one oAe, and the dovm 
current at the opposite side of the shaft, the down current moving 
forward and along the sewer, disphunng the air and discharging 
it at the next higher opening, and onwards until the end of the 
sewer qrstem is reached. 
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We will DOW endeaTOur toascertuin what amonnt of force might 
reasonably be found acting upon the water in the tiap, separating 
the sewer air from that within the dwelling. 

The gases contained in aewer air mnst (if it ia intended to rise 
at all) necessarilj be of lees weight than the air in which it floats. 
Gasee of greater density will undonbtedly fall, and, when in contact 
with flowing sewage, will be carried to the ontfall. 

Water bong say 800 times heaTier than atmospheric air, while 
the gases most be of still less weight, the air within the aewer 
when of higher temperature will be of lees density, otherwise the 
sewer gas would never be in contact with the water contained in a 
trap. Hence the force exerted must be greater than the weight 
of water to canae a light elastic fluid to penetrate thioagh a 
non-elastic snbstance of greater density. 

Take, for instance, a dwelling honBe 30 ft. in height ; snppooe a 
cnbic foot of air to be taken from the lowest room, in which the 
temperature is found to be 72°, while the temperature of the out- 
side air is 22°, or 10° below freezing point. 

The difference in weight of air at 22° and at 72°, multiplied by 
30 feet (the height of the column inside the house), will represent 
the amount of force, or pressure, required to drive sewet air past 
or through the seal of water contained in the trap, before it can 
enter the house. 

From " Uox's Practical Treatise on Heat," table 19 — the weight 
of dry air at Tarious temperatures under a constant atmospheric 
pressure of 29-92 inches of mercury in the barometer — I obtain 
data for the following : — 

Weiglit of a ODbio foot of ail at 22° temperetara .. .. -0824 
72= „ „ .. -1*747 

Differonoe -0077 

Multiplied b; tbe height of oolamiiiasidu of honae 30 



Thns showing a column of air 30 feet in height, at a tempera- 
ture of 22°, to be nearly a ^ lb. heavier per superficial foot than a 
similar column at 72° temperature. 

According to the same authority (table 18}, the weight of a 
cubic foot of water at 62° = 62-321 lbs. 

Divide thin q^uantity by the difference of weight between the two 
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eolnmns of air, and the result will represent the force or preaBare on 

the water from the eewer air, eqaal to, flay — ^^^ = ^ part 

of a foot, the head of water requisite to balance the heavier oolomu 
of air. 

Hence, a seal half an inch deep will have a constant; of safety 
eqnal to eleven times the weight acting upon the oater surface ; 



W.C. Trap, Bilf-ikoh Seal. Obr- 




also, where the outer area of water is greater than the vertical 
discharge from the front of W.C. basin, the power of resistance will 
be increased in that ratio, and the danger of being nnaealed by 
syphonage similarly reduced. 

To prove the theory by experiment, some time ago I had an 
S-trap made of glass, -^^^ inch diameter, and 2 inches depth of 
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I then fixed this, and a gae-pressare gauge, to a tube 4 yards 
long, made with 4-inch eanitary pipes to represent a drain. 

On the npper end a small chamber was formed of tempered claj, 
BO that the glasa trap and preeanre gange conld be reodil; fixed. 

To the lower end I applied the disohai^ pipe of an asphyxiator, 
to see whether it were possible to force smoke throngb the glass 
trap, and what amonnt of presaore, &om within, the gauge would 
indicate, all other openings being effectually closed. 

When the &n was driven at the greatest posBible apeed, the 
water in the trap rose and fell, and at one moment the smoke 
passed throngh, tiae pressme indicated by the gange being * 05 and 
never reaching -ji^j of an inch. 

On the quesdon of tiape being forced, Mr. Haldane writes : — 
" During last antnnm I worked daily for many weeks in a 
laboratory in Berlin where one or other of the traps connected 
with the sinks was forced every few minntee." 

This conld only happen by the branch drains not being venti- 
lated close to the sink connections, bat might and wonld occur 
when the sewer was wholly or partially choked a short distance 
below the connection with the nuun sewer. 

A greater qnantity of water from a higher level than conld pass 
the obstmction would canse the air to be compressed. Particu- 
larly where the branch drains were rather flat, no water seal conld 
resist the pressure. 

In my own experience I have known this to occur; for instance, 
while flushing a sewer from a van in the street, the water in two 
street gullies rose above the channel, although that sewer was 
ventilated a short distance above where the van stood, but after 
the obstruction was removed this did not occur. 

Much inconvenience from offensive smells may be avoided where 
BufBcient &11 can be obtained in sewera to allow a disconnecting 
chamber being made near to the outfall, and yet above the level of 
the stream into which the discharge has to be made. 

Beyond this, a short length having a steep gradient can be 
formed to carry the sewerage below the lowest water level. 

Very much of the fatty matter which the colder water causes to 
adhere along the sides of a sewer into which the tide flows would 
be carried away, which otherwise would be decomposing and 
generating gases to be floated towards the town, and t^en finding 
outlets at the street ventilators. 
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ruscussioN. 

The Peesidbijt : In the first place we are much indebted to 
Mr. Petree for the preparation of thia paper, which is a very 
practical one, and the obBervationB which hare been made will, I 
think, be home ont by any one who has had any practical eipe- 
rience in the working of eewers and in making obaervationfl on 
the air current therein. It is popularly flupposed that air in sewers 
is in such tension that it will often force water traps, I have 
made a great nmnber of obserrations, and my experience bears ont 
to the letter nearly all that is stated in the paper. Principally, 
the pressure that occurs in sewers so doubt is due to the expansion 
of air &om heat ; but as the variation of temperature in sewera is 
very limited, even in sewers ventilated by open manholes, as has 
been demonstrated by a series of obeerrationB made by Mr. Bead, of 
G-lonceeter — 48 to 54 degrees Fahrenheit — very little pressure 
can be exerted &om that cause. The paper is important in so 
far as it may largely affect the constrnction of traps in future. 
Mr. Petree mentions traps being made &om his point of view 
too deep, causing a lodgment of sewage in the trap, and consequent 
putrefaction. I do not think there is mnch in thia argument, for 
in nearly all houses — the average house certainly — the changes 
of water in the trap are so frequent that most of the decomposed 
matter is passed into the sewer a considerable period before 
decomposition is set up snfficiently to create nny nuisance in the 
honse. But it wotdd be a good thing if the members of this 
Assodation were to take the practical lesson to heart that this 
paper gives us, and pay more attention to this snbject; for 
whenever anything can be done that wiU minimise the collection 
of any decomposing matter inside a house, that must be a sani- 
tary reform that is essential and good. It is very likely, if this 
snbject were parsaed and taken up by municipal engineers, we 
should see the present form of traps very mnch modiAed indeed. 
The Association, especially the members present, should present 
their thanks to Mr. Petree for preparing such a practical paper. 

Mr. Spencer : I agree that we muat congratulate ourselves 
on the very excellent paper to which we listened this morning. 
We must all agree, not only with the substance of the paper, but 
also with the remarks which have been made by yourself, 
Mr. President ; I think they are generally on the right lines. 
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Of course this, like everything elee, is rabject to some exceptional 
citcumetaiicee, and I believe that if sewera remained in their 
normal state with regard to preesore and other thioge in level 
towns that very little nnisance would be experienced from the 
canses dealt with. But of course there are many towns where the 
gradients are very steep, and in cases of that kind it often 
happens that the sewers suSer from wind pressure as dis- 
tinguished from air pressure. The town from which Mr. Pettee 
comes is a flat town, but there are other towns in the north of 
England where the gradients of the streets are so esceedingly 
steep, and where the sewers follow these gradients, where the 
wind blows in at the grato ut the lower level sufiScieutly to 
cause wind pressure at the higher levels. That, I think, is one 
reason why there is an outcry against the open grate system of 
Ventilation, which has, I believe, its advantages in greater pro- 
portion than its disadvantages. The disadvantages I have men- 
tioned may, perhaps, be dealt with by expediency, that is, that 
each grato moat be dealt with on its merits, when it is felt to 
be a nuisance, by removal or temporary closure. We have frequently 
found that by temporary closure the nuisance dies out, and you can 
open it at some future time. There are exceptional circumstances 
arising from level position, and that is the difficulty which we 
have to seek to get over. 

Mr. EoDNTHWAiTE : In this town we have several connections 
with tall chimneys, and some time ago I made experiments with 
these chimneys and in the sewers attached to them. I am quito of 
opinion that ventilation by this means is abeolutoly worse than 
useless ; that these chimneys do not ventilato the sewers unleis the 
sewers are not otherwise ventilated; but if there he separate 
openings or other ventilation to the sewers, the chimneys will 
simply draw in fresh air. 

Mr. EaowN : Mr. Petree says, " The gas contained in sewer 
air most (if it is intended to rise at all) necessarily be of less 
weight than the air in which it floats. Gaaes of greater density 
will undoubtedly fall, and, when in contact with the flowing 
sewage, will be carried to the outiltll." I donot think that is cor- 
rect. I think by the law of diffoaion, no matter how heavy 
the gas, it will diffuse. If we have sulphuretted hydrogen or any 
other heavy gas in the sewer it will difi'use itself, and we shall feel 
the smell outeide. Ab to gradients, I confess I rather like a good 
gradient, and strong pressure can, I think, easily be checked by 
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intiodneiag valvee or flaps occasionall;, and bo breaking it up into 
sections. I find no difficult; in the upper and of a district ; bnt 
the great difficolt; at the npper part of a town in only avoided I7 
the introduction of these valves. 

Mr. Pkteee. — My idea wBa that it was only floating matter 
that wonld give ofl* gas that was floating on the surface. Where 
traps are continually flushed oat there cannot be any bad smell. I 
am of Ur. Spencer's opinion as to wind pressure ; and I think 
he has not understood what I was driving at. I do not think any 
wind pressure in sewers will ever force a trap -wheste the sewers are 
ventilated. As to Mr. Brown's remarks abont the difiFdnon of gas, 
gas contained in sewer air most, I am quite prepared to admit, 
difinse and extend itself to a certain extent, but where there is a 
great density it will be more likely to be carried away by flowing 
sewage than otherwise. 
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THE SEA WALL AND PROMENADE 
WORKS AT ROKER. 

Bt K 8. BOnNTHWAIT£, Bc«oiraH Enqinbeb, SuNSSBiAin). 

Tbesb works are pwliape the most important wbi^ have been 
nndeitaken by the Council during lecetit yeare. The Bebeme, 
though entered upon with apparent haste, was one which had, for 
a long time previons to its adoption, occupied the minds of many 
members of the Council. Towards the close of 1 885 it became 
more and more argent that strennous efforts should be put forth to 
secure employment for the large number of workmen who could 
not obtain labour of any kind, and who were in absolute want of 
the hare necessaries of existence. Stone breaking had, it is true, 
been given to a large number, but this was altogether inadequate 
to meet the requirements of the case. A special meeting of the 
Highways Committee was held on Saturday morning, the 
2nd of January, 1886, for the express purpose of considering 
how and where this surplus labour could be expended to the beat 
advantage. The Committee reeoWed itseU into Sub-Committeea, 
one of which pioceeded to Boker, and, alter viewing the ground, 
and discussing the question from all points, determined to recom- 
mend the General Committee to proceed with the works whioh are 
now completed. Between Saturday afternoon and Monday morn- 
ing the necessary preliminary drawings were prepared ; and were 
submitted to and approved by the Committee on Monday afternoon, 
the 4th of January. A meeting was at once held with Sir Hed- 
worth Williamson, Bart., vhen an arrangement was effected 
whereby the foreshwe was conveyed to the Corporation in per- 
petuity at a rental of 201. per annum. On Wednesday, the 6th, 
the Council adopted the recommendation of the Committee by 
40 votes to l,and copies of drawings with approximate estimate* 
were forwarded to the Local Government Board the same eyening, 
accompanied by an application for leave to borrow the sum required. 

* In s oaae of tktf kind it was of conrae utterly impossible to have sDrrejB 
Rnd working drawings and iletaiU prepeKd bef«ie the work whs be^n, ftud 
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Representations as to the argent natora of the applicatioB 
having been made to the Board, their consent was obtained with- 
out formal enqniry prior to the 15th of January, and npon that 
and the following day the works were Bet out on the gronnd, 
preliminaries being commenced with on Monday, the 18th. 

Briefly stated, the works executed comprise asea wall !l,Ilf} feet 
in length, and extending from the boundary of the Kirer Wear 
Commissioners Northward to the Holey Bock. Behind and upon 
this wall is constructed a terrace promenade and carriage drive, 
with approach road at the South end from the tramway terminus. 
The carriage-way is continued up through the Gill in the Boker 
Park nntil it joins the new road recently constructed around the 
park. Upon this lower terrace is a promenade 20 feet in width, 
formed of cement concrete, with ornamental cement balustrade, 
open for the most part, along the top of the wall, and which was 
coustructed in lieu of the parapet originally intended. In the 
centre and at the North end are formed approach ioolines from the 
beach to the terrace ; and, in addition, there are two approaches 
from the beach by means of wide fliglits of steps up to retreats, one 
at the South end, and one between the centre inclines and the 
Holey Bock. These retreats, which were an addition to the works 
first contemplated, are relieving features in the line of sea wall, and 
on immense convenience to the thousands who frequent the sands. 
The carriage drive is, for its full length between the tramway 
terminus and the new Park Boad, formed of tarred whinstone laid 
in three coats on a flat bedded penning or foundation of rubble, and 
rolled with a 15-ton steam roller. The surface drainage is pro- 
vided for by special cast iron gratings in keths with pipe dmins 
running throngh the wall and dischargiag on beach, llie upper 
terrace (or Boker Terrace proper) has been raised considerably on 
the East side, and an ornamental cement concrete balustrade, 
similar in design to that upon the lower terrace, with twelve 
retreats and seate, has been cooBtructed parallel with the terrace 
for its whole length (1569 feet) &om the tramway terminus to the 

new stone bridge to which it is joined by a flat' ^cnrve. 

The promenade is here 15 feet in width, and is, like the lower, 
formed of cement concrete, with kerbing of Marsden limestona 
That portion of the upper terrace between the tramway and 
St. George's Terrace, and which was formerly paved with granito 
chips, has been taken up and laid with broken whinstone, so that 
the tipper carriage drive is now formed of what is termed macadam 

2 
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from end to end. At the Sonth end a part of the roadway has 
been relaid with whinstoue random aetts. 

The old drinking fountain has been rebailt with glazed bricks, 
and a horse trough added. A new cast iron ornamental foimtaia 
haa also been placed at the tc^ of centre inclines to beach. Ths 
positions of the street lamps have been altered and additional 
lamps erected. A new water main has been laid along the apper 
terrace and attached to a hydrant on the lower promenade. At 
the entrance to the park, from the new road on the Weet, have 
been erected the old iron gates and pilars which originally stood 
on the Wearmonth Bridge. 

On the a[^roach road to the lower terrace, as well as on th» 
lower terrace itself, the kerbs and channels are formed of concrete 
in one piece, and the footpath, which is 7 feet in width, is also 
formed of concrete. Along the Bast side of this incline is fixed a 
ti^t railing with cast-iron ornamental standards placed 9 feet 
apart (set in concrete fonndations), and three rails of iron 
tubing. 

Beneath this approach Toad, and on the lower terrace against 
the retaining wall, is formed a shelter and concrete playgroond, 
at the South end of which is a flight of steps with iron handraiHng 
leading to the road above. 

At the Kortb end of the lower promenade, near the entrance 
to tbe part, a urinal of thirteen stalls has been constmcted by and 
at tbe cost of the Health Department 

The banks have been cut away towards the South end, ancE 
made np towards tbe North end in order to give the requisite 
width of promenade and drive on the upper terrace. The poei- 
tiotts of the old footpaths down the banks have been altered in 
consequence chiefly of tbe constroction of the projecting retreats 
which was agreed to in March, 1886. These footpaths have also 
been much improved in gradient, and flights of steps have been 
introduced for this purpose. The banks themselvee have been 
well soiled to a depth of about 8 inches and tnrfed, and this part 
of the work, which adds so much to the general appearance of the 
promenades, has not been the least ezpensdve, owing to tbe great 
distance from which the turf was brought, namely, Matsdeo and 
the hospital site. 

As .in most other works of this nature, difficulties arose from 
time to time, but none of them were of Bnch a character that they 
conld not be, and were not, overcome by an additional expenditure 
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of money. Tlie greatest difficulty met with was in the early part 
of June, in the constmction of the sea wall towards the North end, 
where Uie beach is lowest and where the foondation waa upon and 
near the rock. Here oon«derable trouble was experienced in 
dealing with the accnmnlation of sea and &eBb water, which 
gathered er^y night and made it absolutely neceesary to hare 
recoorse to pnmping in order to cope socoeeBfully with the 
quantity which found its way into the excarationB. 

Although the requisite plant, soch as shovels, barrows, con- 
crete shutters and boxes, planks, etc., were got together as rapidly 
as possible, it was, of course, some time before many men coold be 
stated, and even when the work was thoroughly under way, it 
became necessary to suspend it on aereral occasions owing to the 
seTerit; of the weather. Some idea of tho intensity of the frost 
may be bad when the author states that it penetrated the sand to 
a depth of five inches and the salt water in fzendies was coreied 
with a coating of ice from ^ to g of an inch thick. However, in 
the mouth of March there were 180 men engaged three days in 
eat^ week, and at the end of April l^e sea wall was practically 
half completed. Towards the end of September, when the heavy 
concreting and sand filling were nearly done, it was necessazy to 
reduce the time worked, and three gangs of men were therefore 
given four days in each fortnight. Daring the early stages of the 
work several of the men employed gave much trouble and anxiety 
by their conduct, and it was necessary to take strong measorea 
with a few of the leaders in order to maintain discipline. After 
such measures were taken, however, and the men's application for 
an increase of wages was acceded to, things went on to the end 
fairly well. 

The concrete footways find balustrades were execated by Messrs. 
Kule Bros., of West Street. The cement kerbing and channel by 
Hr. Geo. Swan, of Monkwearmouth ; and the carriage drives by 
Mr. Geotge Scrimshaw, of ShefGeld. 

In September 1886, the committee met on the works, and 
determined to set back the foot of the embankment and to build a 
retaining wall at the south end of the Promenade. These altera- 
ticHis have been carried out, and a considerable area of nnoocupied 
ground now remains to be dealt with between the carriage drive 
and the foot of embankment It has been suggested that a 
restaurant, with cloak rooms, lavatories, and conveniences, should 
be erected npon this spaoe, and several achemee hare been con> 
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sidered by the committee and the oonunl, the former hAving twice 
met on the ground with xefereooe thereto. The feeling of the 
conudl, boweTer, appears to be against the work being taken in 
hand at the public expense, bnt rather that it shoold be left to 
private enterpiiae. 

A scheme has also been snggeated for cooBtrncting a s^t water 
swimming bath upon this site with private hot and cold slipper 
baths attached. Borings have been taken, and the poration and 
depth of the rock ascertained, and preliminaiy drawings and 
cetimatee also prepared, bnt beyond this stage the scheme has not 
advanced. 

DISCUSSION. 

Mr. GRtTUHACK. — I beg to ask Hr. Bonntbwute if he will 
give US the proportions of the concrete, and also if in fixing the 
concrete in aiiu be had to plaster the wall on account of Ibe bad 
face ; and if so, how it was done ? 

The President. — I am particularly interested in this work 
having carried out on the south coast of England somewhat 
extensive promenade and sea defence works. The Wall we have 
seen this morning hardly partakes of the nature of a sea defence. 
In the first place, the water appears to be exceedingly shallow in 
the ofQng, and the high water level is so far from the wall at 
spring-tides that, only on exceptional occasions, will a heavy wave 
stroke attack the wall Among the plans which are on the table, 
there is a section of a wall in which the nose projects almost over 
the toe. Some years ago I built a wall at Bam^te to that 
section, with a view of throwing the water back and preventing it 
landing on the other side of the wall. I believe it was first adopted 
by engineers in the neighbourhood of Dover. That wall was about 
14 feet high, and is built of Portland stone on the face of the 
cliff and almost identically the same as this section. We went 
abont 4 ft. 6 in. into the chalk for a solid foundation, and the 
effect of the sea on that wall in ten years was such that in a 
number of placeea the wall bad to be underpinned. The wave 
comes up the wall, and, instead of being eased off and coming off 
on a slope, it is dropped down i^ain and comes (^ on the toe of 
the wall ; and I believe now the chalk is within a short distance 
of the bottom of the wall, and that is almost entirely due to tl^ 
rebound of the water dropping on to the chalk in &ont of the 
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fotiiidaiion. A little fattiier along on the Bame coast, aboat a mile 
from that ^irall, where the local inflaencea and condittoos aie 
almost ideniical, anothei wall vas bailt at the same time with a 
better of about one in one, and there the soonr in front of the wall 
has scarcely prodnced any effect whatever on the chaUc. So that 
in one case with the optical section yon have the foundation 
laid almost bare, and in tiie other, with a slope of about one in 
one, the fonndatioa remaining almost intact ; this affords a practical 
example that to erect a wall on the eection shown on the plan is 
a great mistake. Subsequently, within the last five years, I built 
the promenade wall at Hove. The coast there for many years, 
almost &om time immemorial, has been protected by a natund 
snpply of shingle, coming from the west On the sonth coast, 
from Chesil beach to Deal, the land is protected by shingle which 
travels &om west to east, and, in some particular locahties, that 
accretion of beach has been so large for the past 200 years 
that no s^tem of coast defence is necessary. The beach fonns 
itself in front of the land, and after very heavy galea reposes at a 
dope of about 1 in 11. In January 1880, in front of Hove, a 
very large denudation of the foreshore commenced. The shingle 
stopped travelling, from causes which were quite patent, for about 
20 miles to the west a large number of groynes had been thrown 
oat at right angles to the shore, and the natural travel of the 
beach was stopped Now beach is always going away, and when 
stopped by artificial means the shore on the lee side is denuded. 
The Hove beach fell in about a year 4 feot vertically at high 
water mark, and where formerly there was beach sloping 1 in 11 
we gradually began to get a little cliff. The first thing we did 
was to throw out groynes, as is always done on the south coast. 
These are simply wooden structures which mechanically stop the 
travel of the shingle and form as it were an artificial beach on the 
weather &ce of each groyne, but, unfortunately, delays occurred 
through the Commissioners not making up their minds and the 
time arrived when it was pretty clear that all that valuable property 
in the vicinity of Brighton, built at a cost of between two and three 
millions sterling, was in jeopardy of being carried away. I 
proposed that a sea wall should be erected. Sir John Ooode was 
called in as consulting engineer, and with some modiBcations in 
fnmt of the vraU-line the works were ultimately carried out. The 
slope of that wall is 1 in 6 ; it is 24 feet high, and the top of it is 
12 feet above hi^ water mark. When we had put up about 300 



.vGooglf 



24 DiBouesioH. 

feet in length of the wall, we had already lost, as I have told 
yon, a veiy conaderable omoiint of ehingle, and there waa a reflex 
ftctdon set np to snch an extent in front that the beach was carried 
away to witliiu 10 inches of the bottom of the foundation. That, 
of cooise, was a very serious position in which we found onrselTes, 
and immediately where the beach had been scoured away by the 
reflex action set up we b^;an to dose pile the waU. The drirmg 
of 12-)nch pUes through 12 feet of shingle was a heavy work. 
We tried green beech, oak, and {ntcib pine, and we found that no 
material would stand except pitch jnne. The 'green beech gave 
way, and the oak became mop-headed, but we found that pitch 
pine was invaluable. Even with green heart piles we found they 
splii The piles wore driven with a ton monkey, and with a drop 
of 7 ft. 6 in,, and 24 blo^ to the minute. We had hardly finished 
the piling at a great exp^ise, going on with our groynes to 
intercept the shingle, when one fine morning the piles were buried, 
and have never been seen from that day to this. But we had taken 
another precaution which was unique, and which is interesting as 
showing the efiect of the wind on the travel of shingle. We 
brought &om Sboreham 25,000 tons of beach in hopper barges, 
deposited it about 400 feet fix>m high water mark at sea. During • 
the summer months there it lay in heaps, gradually flattening 
down. In some photographs I have, the heape may be seen just 
above the water at low water. When the autumnal equinoctial 
gales came on, the whole of that beach was Inought in to the front 
of the wall. Not a stone r^nained outside and although the 
prevailing winds at Brighton are at an angle of abont 30° to the 
line of the wall, the whole of the deposited shingle came in at right 
angles to the spot where it was dropped, and every stone that was 
deposited in front of the wall is now lying in between the groynes 
protecting it, the depth on the face of the sea-wall being about 
8 feet vertically. The consequence is that there is the wall 
remaining, with Uie ^pensive piling buried, and the beach is 
lying close np to the wall, in many places only 6 feet bom the 
top of the wall. There is a curious action set up with regard to 
groynes on the south coast, and I suppose it maintdus on all 
forrahores — the difference between the weather side and the lee side. 
I have often watched the effect during gales, the scour on the lee 
side is marked to a greater extent after very heavy weather. I 
shall be glad to hear &om Mr. Rounthwoite whether the extension 
of the pier, has increased the depth of sand, and I should also like 
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to bear from him whftt he^ht the eand or material that trards 
along this Bbore, ia thiovn np above high water. At Brightim, 
high water is 10'77 feet above ordnaace datnm. After galea the 
shingle is thrown up to 29 feet above ordnance datnm, t^ the 
action of heavy weather on the travelliug shingle. Before I Eiit 
down, I thinV I ought to espreea our thanks to Mr. Wake, the 
engineer of the pier, who has shown ns that work. It is an 
exceedinglj interesting piece of engineering, and I sa; this having 
seen some of the greatest harbour works in the world. I was lately 
over a barbonr on the sooth coast, and it was a most striking oon- 
trast as compared with the Snnderland works ; where one could not 
bnt be etmok with the neat way in which the work is being carried 
out, by the way in which the blocks are made and placed in position, 
the admirable design, the beantifnl lines, and the accuracy with 
which the work is executed. These all reflect the greatest credit 
apon the engineer. 

Hr. Si>ENOXB. — I also beg to express our gratification at what 
has been shown us this morning, and to acknowledge the advantage 
that the inspection of such varks as these must be to members 
of the Association. Of course, the very large and important works 
make the promenade and sea-wall somewhat subsidiary, but 
they are a great attraction to the neighbourhood, which has seen 
many changes for the better during the last few years. Ko one 
can have seen those works which we bad the opportunity of 
inspecting this morning, without acknowledging the superior engin- 
eering talent which has been brought to bear in both instances 
The breakwater is of the highest interest from every point of view. 
not only &om an engineering point of view, but from the excellent 
and completo manner in which it is being carried out. The fore- 
thought and provision for contingentnes, which is one of the 
greatest points of engineering, are especially worthy of praise. 
The work itself will be a monument to Snnderland and to the 
men who are carrying it out when they have long passed away, 
and, when completed, the pier will be a credit to the whole of 
the east coast Boker, some years ago, was a mere row of houses 
on a bleak beach of sand bills, and it vaa only by going to the 
pictoresque rocky coast beyond that any gratification could be 
obtained, but now all that Ims been changed by the liberal action 
of the Corporation of this borough and the excellent manner in 
which die wc»-k has been carried oat. 

Mr. Peibse. — Some years ago, when the south dock was 
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at Simderknd, there were groynes oanied ont there, and I 
remember that on the dock aide they were eometimee above my 
head and I had to climb over them. Some yeus afterwards 
they were all level on the north Bide. 

Mr. H. H. Waee. — I have not come prepared to speak 
bnt after the very kind remarks which have been made I 
feel oompelled to riae. In the first place I beg to thank yon for 
the words in which yon have ezpreased yonr thoughts in regard to 
the works which yon were over this morning, I feel that I should 
like to compliment Mr. Bonnthwaite on the way in which the sea- 
wall and promenade works were can led out, I saw them in 
progress, and can say that ^ey reflect the highest credit on him 
considering the weather and diflScnlties he bad to contend with. 
I am very mnch sarprised that the work has stood so well, and 
it shows the amonnt of care and attention that was bestowed upon 
the construction of it. As to the seas passing over the pier, I 
may tell yon that last Wednesday when we had a rise of tide of 
18 feet with a heavy gale, the pier was for four hours entirely 
under water and buried with spray. It is not conslrncted as a 
promenade, but for a breakwater. The south dock here, I may 
say, was formed by putting down groynes. The docks themselves 
were entirely made out of the sea, and the west side of the 
dock was the line of the old sea coast Snnderland was the 
first place where the accumulations of beach were thus utilised, 
and the engineer was Ur. John Murray. We find here that if 
we want to accnmnlate a beach that the space between the groynes 
mnst be equal to theii length. As to their being deeper 
on one side than the other, I think it is due to the eddies. 

Mr. Broww, — As to the concrete walls, I should like to know 
the proportions of Mr. Bonnthwaite's miztare. We have had 
difficulty with the cracking of the concrete. I should like some 
information also about the tar macadam, as there is a great deal of 
controversy about it at present. I think it a great improvement 
on ordinary macadam. 

Mr. BouNTHWATEB. — As near as I remember the concrete was 
mixed in the proportion of between 8 and 9 to 1. The hearting 
was farmed of granite, freestone, and varions kinds of rabble. 
The wall facing was finished off with cement and sand, where 
neceesaiy, as the work proceeded. It came ont very clean tram, the 
boards, hut required doctoring as we went along. With r^ard to 
the wall genially, I think it fair to say that Mr. Wake himself 
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has bad mora to do with the scheme tiun ifiOBt people ais swns oL 
I am not sore bat that its inception was dae to him many years ago. 
He gaTe me great assistanoe in arranging the line of Qie wall and 
in the constrnctioD of it, and I take this opportonity of ezpreaaing 
my obligations to him for what he did. It is not intended as a 
sea defence, bnt simply as a promenade and carriage drive, and to 
enconrage people to visit the place. It has been highly snccessfnl 
in that respect, many thoosaDda of people going down every snmmer. 
I have known the tramways company carry in one day upwards of 
80,000 persons, and there would be four or five times that number 
down at the sea-side. There is no question but that the con- 
atmction of the pier has caused sand to aocnmolate to a very large 
extent between the pier and the Holey Bock. As to the concrete 
footpath, the bottom is formed of broken brick 6 inches deep, and 
the footpath 1 j inches of cement and ballast (4 to 1) and | inch of 
cement and crushed granite (2 to 1) and cement in equal pro- 
portions. The tar macadam is made of broken whinstone. The 
cost was 2s. Sd. per yard, exclusive of foundation. It was d(me by 
contract by Messrs. Scrimshaw, of ShefBeld, and some skill was 
required in getting the tat of a proper conaiateDcy. The cost 
of the whole of the works and forming the road through the park 
was roughly £10,300. 
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SUNDERLAND HOSPITAL ACCOMMODATION. 
By E. S. BOUNTHWAITE, Bobohoh Emoeskee, 

SnVDEBLUID. 

One of the moBt important qneetions of the day nitb which 
sanitary anthoritiee have to d^ is, withont donb^ the provisioit 
of hospital accommodation for patients suSeriiig &om any infec- 
tionB disorder, and where snch cases may be perfectly iaolated 
&om the rest of the oommnnity. 

This subject is, moreorer, one of growing importance; and, 
where auch accommodation has not already been proTided, it is 
occnpying the serions attentioa of health anthoritiea 

It is now some few years since it became apparent to the 
Corporation of tliis Borough that the present hospital, or, as it is 
termed, " Honse of Becovery," was totally inadequate to serve as 
an hospital for a town of this m^nitnde ; and, after considering 
Bchemee for the extension of the old building, determined upon 
the piirchase of a site in one of the ontlying disbicta ; and upon 
the erection of a new building. 

With this object in yiew many excellent sites were examined by 
the Health Committee, and eventnally, that in Hylton Lane was 
pnrohased, in February 1885, &om Colonel ScnrficJd for a sum of 
5QO01. 

This ato is about 12 acres in extent, measuring 1050 feet &om 
North to South, and 600 feet &om East to West, and is within 
easy distance of the centre of the town, being but 2 milee and 
14'2 yards irom the intersectioQ of High Street West and Fawcett 
Street. It is admirably sitnated for the required purpose, sloping 
gently from the East t« the North, West, and South sides. 

Before entering into the question of the class of buildings to 
he erected, the Corporation built around three sides of the site n 
substantial wall of 9-inch brickwork in cement mortar with 
oounterfbitB on each side : — This work was executed in English 
bond on a foundation of Portland cement concrete, and finished 
with red brick saddle-back coping. 

I may here mention, as it frequently happens that difficnllacs 
are thrown in the way of health authoritieB in the selection oS 
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Bites for this cksa of hoepital, that do objection was raised b; any 
of the Doighbotuing owners until the iiiqnirf into tbe application 
for leave to borrow the sum necessary for the bvUdiriffB was held, 
when two objectors appeared. The inspector sent by the Local 
GoTemment Board very properly informed these gentlemen that 
they should hare raised their objection when the inquiry was held 
as to the loan ibr the porchase of site and bnilding of bonndary 

A very great deal of time has been spent by the Committee 
Iiaving charge of this question in the coaeideration of the laying 
out of &B ground, and of the class and nature of the bnildings to 
be erected thereon. A deputation visited Glasgow in Septembw 
1885, and minutely inspected the arrangements of the Belvedere 
Hospital. In the following month the deputation also visited 
Sheffield, Manchester and Salford (Monsal), Bradford, and 
Darlington, vhere they had the advantage of examining the 
arrangement and working of the hospitals at these places. 

The Council approved of the scheme submitted by the Healtli 
Committee on the 14th of April, 1886. On the 8th of July 
following, the public inquiry was held by Mr. Arnold Taylor, G.E., 
and the sanction of the Local Government Board was shortly 
thereafter obtained. The tender of Mr, T. P. Shafloe, of this 
town (13,7062.), wa^ accepted, and the work was commenced 
in the latter part of March 1887. (The contract drawings, 
specificalion, and quantities are upon the table). 

The site plan shows the general disposition of the gronnd, 
bnildings, roads, main drains, gas and water-pipes, ete. 

Prior to the commencement of the contract, that portion of the 
land which was not required was permanently encl(»ed with a 
strong fence, 500 yards in lengtl^ consisting of angle iron 
standards fixed 4 feet above the ground, short intermediate 
standards, straining pillars, etc., and seven galvanised steel wire 
ropes. This work was executed by Messrs. (i. B. Smith and Co., 
of Gla^ow, at a cost of 461. 

The excavation for, and fonndation of, the main drive from 
Hylton Boad to the site of Administrative block was also com- 
pleted beforehand by Mr. J. T. Simpson, of Newcastle, at a cost 
of 601 

The buildings which form the hospital, consist of (a) The 
Administrative bU>ck ; (&) The Washing, Laundry, and Disin- 
Ceeting block ; (e) The two Fever pavihons ; (d) The Isolation 
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paTilioQ ; and (e) The Entrance lodge. In the AdminiatroHve 
Bloah there are provided, on the ground floor : dispensary, 
medical officer's bed and Bitting rooms, waiting room, nnraes' 
dining room, matron's sitting room, sewing room, four store rooms 
for clothing, etc., serrants' hall, kitchen, scullery, dairy, larder, 
lavatories, and the nsnal ont-offices. In the haaemeat are two 
cellars tor wine, beer, etc. On the first floor there are : atting 
room for nurses, and bedrooms for matron and ten nurses, together 
with linen store, bath room, w.c., and housemaid's sink. On the 
second floor are nine dormitories for serranU, with linen store, 
bath room, etc., as below. This building is designed in the form 
of the letter T, with kitchen department in the centre and rear, 
so that in the future it may be extended, if necessary, in the form 
of a quadrangle. The length of the west frontage is lUO feet, 
and this part is two stories and a half in height, whilst the winge 
are two stories, and the kitchen and offices one story only. 

The Fever Pavilions are one story in height, and each contains 
two large wards for male and female patients, which more than 
fnlfli the reqoirements of the Local Cloyernment Board with 
regard to floor and air space. Each ward will accommodate eight 
patients, and is 48 feet long, 2ft feet wide, and 13 feet high. 
They are heated by means of large central hot air gill stoves with 
donble fires and deeoending fines, and, in addition, by hot-water 
pipes. The vitiated air will be extracted by means .of specially 
constructed, fnnnel-monthed, zinc ducta, surmounted with Boyle's 
patent air-pump ventilators. For the same purpose are provided 
oatlete into foul air flues in external walls and adjoining the fines 
from sioves. The windows are double hnng, with deep bottom 
rail to admit fresh air at the meeting rail without draught Over 
these windows are hinged lights which open inwards at top, and 
under each bed is a fresh air inlet. 

At the extreme end of each ward is situated the annexe containing 
the necessary conveniences. This annexe is comple(«ly cut off &om 
the main building by a short passage with cross ventilation, and is 
heated by a hot water radiator. 

In the centre of the building is the nursea' duty room, over- 
looking each ward ; also the bath rooms, pantry, and coal store. 

The Isolation Pavilion haa been erected mainly for the purpose of 
accommodatmg oases in which it is not always possible in the early 
stages to be positively certain of the precise nature of the disease. 
For this building the Local Government Board submitted a plan of 



.V Google 



8tnn>BRL&Ml> HOSPITAL AOOOltUODATION, 81 

which the; approved and which they wished to be adopted in this 
case, bat on representing to the Officers of the Board the ohaiaotei 
of the dte and climate, they permitted material modifications to be 
made. Tbeia are fonr wards in tliis pavilioD, two with two beds, 
and two with three beds, and it may frequently be conveoient to 
use aome, or all, of theee as private or coBvaleecMit wards, or for 
typhoid cases. 

This building is, like the other pavilions, one story in height, 
and is provided with nnrses' dnty rooms, ooaveniencee, etc. The 
wards are heated and ventilated in a manner similar to the larger 
wards previously described. 

The fioors of all the wards are laid with narrow pitoh pine boards, 
screwed down and beeswaxed ; and the walb and ceilings are 
finished in Parian cement on a base of Portland, all corners and 
angles brang ronnded ont to prevent the lodgment of dost. 

The Waehing, Laundry, and Dmnfeding Hook. — The ranges of 
one-storied bnildings to the Sontb of, and adjacent to, the Admini- 
strative block, together with the enclosed coart yard, oover an 
area d 636 superficial yards, and comjnrise disinfecting rooms, wash 
honse, drying cioeete, laundry, stable, hay and straw store, 
ambnlaQce honse, boiler house, post-mortem room and mortnary. 

The clo&es, etc., required to be disinfected, are brought in &om 
the main drive near the South-Eaat comer, and passed Uirough the 
Lyon's steam disinfecting apparatus, which is 7 feet by 6 feet by 3 
feet 7 inches, into the adjoining chamber. They are ttien conveyed 
across the conrt yard to the wash-liouse (which is divided into two 
parte), washed, placed in the drying closet, then passed on to the 
kandry, and ont at the oppoato or North-West corner of the block. 

In tiie b(Hler honses is erected a vertical steel boiler, 9 feet high 
by 4^ feet diameter, which will supply steam to the disinfector, 
wash tube, drymg closet pipes, and the copper calorifiers under 
each building. Adjoining the boiler, and connected with the same 
chimney, is the furnace destructor, into which will be thrown all 
infected bedding and other matters which it is deemed necessary to 
destroy. 

I may here add that it is the intention of the Committee to eon- 
struct, at once, a chimney 55 feet in height, in phue of the present 
one. 

In the wash-house there are provided six tubs, with cold water 
and steam supply, vrashing machine, hydro-extractor, and wall 
pomp, connected with huge rain wator tank under court yard. 
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This tank is 16 feet b; 10 feet by 5 feet deep, and cont&ios 5,000 
gallons. It is built of brickwork on concrete foundation, cemented 
and arched over top, with proper provision for aeoesa. It is 
snpplied &om the roofe of the adjoitiing btiildinge, through a filter 
chamber oooBtructed at one end. 

The drying-cloeet is prpTided with five galraiuBed wrongbt-irou 
horses upon nmneni and laila. It is divided into two parts and 
heated hj meana of Btoam pipes, with the nsaal provisioQ for the 
ingress of &esh air and for the extraction of moist air. 

la the lanndry there is provided ironing stove, mangle, and 
radial horse for the uiing of dothea. 

In the stable there is accommodation for tvro horses ; and, in the 
ambnlanoe house, for two conveyances with access from either 

7^ Entranee lodge, etc. — This lodge, with entrance gates, has 
been erected at the north-east comer of the sit» adjoining the 
Hjlton Boad. It is a single-storied bnilding, with timbered gables, 
arid contains four rooms and a scullery, with meter and tool hoosee, 
and ont-ofiSces in yard. 

The entrance gates are of wrought iron, with piers built of brick- 
work in cement, and stone caps and dreastnga The Northern 
boundary wall along the Hylton Boad frontage has been set back 
to a line 20 feet from the centre of the old road, and is boilt of 
14-inch brickwork, panelled and ramped, and finished with a tri- 
angnlar red brick coping similar to that npon the other boondary 
walls. 

The drainage has been carried out on the lines shown upon 
site plan, and exceptional difficolty was experienced in this work 
owing to the extent and hardness of the limestone rock met with 
in the cutting. The main drain has a gradient of 1 in 70, and is 
provided with ample means for ventilation and for access. At the 
head of the system is constmcted a flushing tank, with Adams' 
patent automatic syphon, which can be adjusted so as to discharge 
750 gallons of water, and disinfectants, at such intervals as may be 
deemed neceseary. 

The roods have been pitched with hand-packed rubble and 
covered with smaller material of the same description. On the 
completion of the works they were coatod with marl, rolled, and 
spread with fine gravel. 

The gas and water mains, pillar hydrants and lamps, have been 
laid and erected in the poeitjons indicated by the plan, and the 
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Gaa Company continued their main in Hylton Boad to the ate on 
paymrait by the Corporation of 1002: 

The whole of the works hare been laid oat and desired vith 
the view of obtaining a thoronghly BsbBtantial, yet, at the same 
time, economical eetablishmeni The boildbgs are of the ploineBi 
character and free &om all uoneceeeary (Hmamentation. They have 
been erected with Sherbnm House and Birtley bricks, on cement 
concrete foundations, with dressings and strings of Frudham stone, 
and steps &om Hewortii Bam qaarry. The red bricks for plinth 
courses and relieving archeB are &om Groamont, near Whitby; 
the baff bricks in band courses &om Wortley, near Leeds ; and the 
roD& are corered with strong Port Dinorwio slates, machine holed, 
and fiistened with copper nails on boarding. The external walls 
are boilt hollow to ensure dryness and warmth, and the whole of 
the Bites of the various boildiage are covered with 4 incheB of 
cement conoreta 

I r^ret that no part of the buildings has yet been furnished, 
but the Committee are at present engaged in makii^ anange- 
nenta for this to be speedily done. The total cost of famishing 
will not exceed 1,2002. to 1,300^ 

The MetrAen proceeded hy brake to Boker, where, vender the 
guidance of Mr. R, 8. Boimthwaiie, the Members inspected the 
Sea ' Wail and Promenade leorks, where (hey were met hy Mr. 
Setvry S. Wake, Engineer to the Wear (Jomm^saionere, who 
kindly condvcted the Members over the new Pier works now in 
course of eoTUtnu^ton. Betuming by brake the party had lunch 
at the Orand Hotel, after which, under the guidance of Mr. B. S. 
Bounthwaite, the Members vieited the new Fever Hospital, and 
returned to the Committee Room for the discussion of the papers. 

Cordial votes of thanks mere accorded to the authors of the 
papers, to Mr, Wake for showing the Members over the New Pier 
Works at Boker, to Mr. ERiee-Clark for presiding, and to the 
Mayor for the use of the Committee Boom. 
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DISTRICT MEETING AT SOUTHAMPTON. 

May 4, 1689. 

Edd in the Municipal Buildings, Southampton. 

Mr. E. B. Eujob-Clibk, Presidmi, in the Chair. 

^*- 

Thb Mayor op Soothahptoh (Aldorman Coias), having very 
cordially received tbe membere, the meeting was held in the 
Council Chamber, where the hoBiuoBs commenced by the election of 
Hon. Secretary for the Home Connties District 

On the motion of Mr. Eaobos, seconded by Mr. Norriagton, Mr. 
0, C. Bobeon (Willeaden), was re-elected Hon. District Secretary. 

The following papers were then read. 

THE UTILISATION OF "TOWN REFUSE." 
SEWAGE DISPOSAL, ELECTRIC LIGHTING, 
AND CONCRETE PAVING AT SOUTH- 
AMPTON. 

By W. B. a. BENNETT, Assoa M. Iiwr. C.E., BoEOoaH 

SuaVBTOB, SOUTHAIIPTOK. 

Tbb object of my paper is to give a description of the New Sanitary 
Works, recently carried ont in this Borongh, wliich I shall have 
the hoDoor of showing yon later to-day. 

In Southampton we have, what is oommon to nearly all towns in 
the kingdom, ooi Seweis, Sewage, and Befose — aabjects with which 
yoQ, the manbers of this .Association, are so conversant and know 
BO mach about, that I am certain it would only be presumptaons 
on my part to attempt to place anything in connection therewith 
before yon and call it new or novel. 

I intend therefore in describmg these works to give yon plain 
facts as briefly as possible, owing to the short time at my disposal 

Early in 1885, my Corporation consideared it expedient to 
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introduce a more efficient system of collection and disposal of honse 
refuse, and abont the same time they fonnd it desirable to clarify 
the sewage of a district of ttte town, which was discharged into the 
SouthamptoB Water at the Town Quay in its ornde state. 

I was inetrncted to devise a scheme to accomplish these objects, 
and accordingly proposed the adoption of Messrs. Maulove, Alliott, 
Fryer, and Co.'s Befase Destmotor, to serre the doable pnrpose of 
de^roying the ash-bin contents and garbage, and of disposing of 
the sewE^e-slndge deposited, in the process of clarification, in two 
existing reservoirs adapted for the porpoee. Formnly the sewage 
of a district of the town, amonnting to 500,000 gallons in twenty- 
fonr hoars, &om a population of about thirteen thousand, for the most 
part flowed by gravitation into these reservoirs, from whence it was 
discharged into the tideway at low water ; whilst a small portion, 
ooming from a low-level sewer, passed through iron pipes A A", laid 
under the reservoits, direct into the tideway. The reservoirs act 
alternately, one being left still for precipitation of Hie sewage, 
whilst the other is being filled. 

In order to render the discharge of the efflnent from the reser- 
voirs independent of the tide, and to raise the low- level sewage into 
the reservoirs for treatment with the rest, two of Shone's pnenmatic 
ejectors were put dovm, one of 360 gallons capacity, B, placed 
below the invert of the low-level sewer, which serves for discharg- 
ing the sludge as well as for raising the low-level sewage ; and the 
oi^er, of 700 gallons capacity, placed in the east reservoir at G. In 
each reservoir there is a floDting sewage inlet, D D, consisting of a 
pipe connected with the large ejector, and shackled to a bnoy, 
which makes the pipe rise and &11 with the water-level, keeping 
ita month, which is covered with a perforated plate, a few inches 
below the enrface of the efflnent, to prevent the passage of any 
floating matter. Directly the clarification by precipitation has 
been effected to a certain depth, a valve is opened, admitting the 
efflnent into the ejector C, whence it is at once discharged into the 
tideway. A supplementary sewage outlet ia also provided in each 
reeervoir for discharging the effluent by gravitation when the tide 
is low enough. When the whole of the effluent has been thns 
drawn off, the buoy, resting now upon the floor of the reservoir, 
beeps the month of the inlet sufficiently high to prevent the 
admission of any sludge ; and the sludge is then admitted into the 



* The iUnstratiaii atttwhed baa been kindly lent by the editor of ' Indiutriei 
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ejector B, bj opening a valve, and ia tranemitted by pceTiinatio 
force tbrongli a line of 4-inch casi-iros pipes F F F, nearly a mile 
in lengtb, to the destnictoi erected on the Chapel Wharf at G, 

The sludge is discharged into a cell, E, from whence it ia draim 
as required through a ralve-pipe, and after mixtnre with road- 
Bweepinge or sorted house refuse, in an incorporator, is transmitted 
by a specially arranged conveyor to an elevator, which loads it into 
trollies, as a good dry portable monnie, which has all been readily 
bonght up by agricnlturists, since the commencement of the worka 
at 2s. fid. per load delivered at the works. A six horse-power steam 
engine drives the incorporator and elevator. On an average, sixty 
cartloads of aflh-lon contents are daily collected and disposed o£ 
Twenty-five tons of refuse, when bam^ generate sa£Scient steam for 
the carrying on of the works for one day. The load-sweepioga 
are never bnmt. In wet weather the rcnd-Bweepings are stored 
and dried ; and the fine ashes from the destmctor are incorporated 
with the slndge in their place ; bnt &eqnently during the winter, 
to keep pace with the demand, the aladge is ran into bays made 
of, and filled in with, the road-sweepings. 

The refuse destractor has six cells or fhrnoces, each capable of 
hnming eight to nine tons of garbage per day. The products of 
combmtion pass throngh a 80 horse-power moltitnbnlar steel boiler, 
H, in the main fine, to the fnrnace shaft, which is of circnlar brick- 
work 160 feet in height bom the ground line; inside diameter 
at the top 6 feet, ditto at the bottom 7 feet, constraoted upon a 
pedestal L4 feet 6 inches square, and 21 feet in height, of brick- 
work 3 feet thick, then in four sections as follows : — 

iBt, in 27-iD. brickwork BO ft high 

2Dd,in2!HB- • 30 „ 

3rd. in 18-in. „ 88 „ 

Ith, in 14-in. „ 38 H 

The first 30 feet is fire-brick, lined, with a cavity of 4^ inches 
behind, ventilated to the outer side. 

The foundation is loamy clay, upon which is laid a bed of concrete 
30 feet square and 10 feet thick. 

The footings commence at 23 feet 2 inches square, and step 
off in regular courses up to 15 feet square, at a height of 6 feet. The 
concrete was filled in continuously until completion. The pedestal 
was then ran up and aUowed to remain for nearly three months 
during the winter, after which the wwks proceeded until oomple- 
tioQ, which occupied about six mcmths. 
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The cap ia white brick is cement, vith s string course aboat 
20 feet below the top. 

Foot irons are built inside in a winding lead to the top. 

The shaft is provided with a copper tape lightning conductor, 
with inch rod and crow's foot 7 feet above the cap. The tape is 
about 215 feet long, the end being carried into a well. 

In Aognst last the shaft was damaged by lightning, bat was 
easily repaired, owing to the provision of the foot irons referred to. 
At Uiis time the shalt was plombed and foand to be quite vertical. 
The fires were only damped down during the repairs, which occupied 
about eight days. With the exception of this interval they have been 
constantly burning for nearly tbjee years. 

The repairs have been almost niL 

There is also a by-pass in which a smaller boiler is placed, to 
enable the works to be continued during cleaning and repairs. No 
obnoxious fames &om the combustion have been perceived. The 
sl«am generated in the boiler is employed for driving a pair of 
engines of 31-5 indicated horse-power, which compress air into two 
large receivers, whence it passes in a 5-inch main to the Town Quay, 
where it ia automatically supplied to the ejectors when required 
for working them ; and it also serves for driving the precipitated 
sludge through the main to the destructor, before referred to, being 
led &om the receiver by a pipe to the head of the main at the Town 
Quay, and also the six horse-power engine. 

All obnoxious matters are collected throughout the borough in 
specially constructed, covered, iron tnmbler-carta, which go up the 
inclined roadway approach to the destmotor, and discharge their 
contents oat into the cells. The road- sweepings are dischar^ into 
a hopper over the incorporator, and are mixed with the slndge as 
required. 

The residue from the continuous day and night combustion 
consists of about 20 per cent, of good hard clinkers and sharp 
fine ashes; the clinkers are used for the foundation of roadways and 
the manu&ctnre of paving-slabs, which have already bem nsed in 
paving several foot-paths of the town, at a cost of 28. 6(2. per yard ; 
the fine ashes are also employed for mortar. Porons carbon is used 
for precipitating the sludge ; it is mixed with 1 lb. of sulphuric acid 
per cwt. and dean vrater, into a stiff paste, and led through a shoot, 
I, into a box, J, with peiforated sides, placed in the sewer. The 
sewage flowing past washes the carbon gradually ont of the box, 
and is tbnougblj mixed with the carbon by the time it discharges 
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intn the reservoirB at a nmahole 150 feet off. A Bmall stream of 
water falling down on the carbon preTents it consolidating. The 
box is filled three^times in twenty-fonrs ; and this method of dosmg 
the sew^e has proved quite efficient and satis&ctory. A preesore 
of air of 40 lbs. on the sqnare inch is required for working the 
elndge ejector, and 1 lbs. for the effluent ejector. Eight tons of sladge 
are dealt with per day ; and arrangements were provided for burn- 
ing the alndge. The elndge was discharged into a tank on the 
floor of the deatmctor, and drawn out throngh ports K K E, in the 
&6nt opposite the feed-opening of the cells, where its moisture was 
absorbed bj the ash>bin contents, backed np against the ports with 
this object ; and the mixture was then raked into the fires. Large 
quantities of sludge have been thus destroyed ; but the process has 
been discontinued owing to the ready sale of the sludge when 
prepared for manure. There is also a third ejector of 360 gallons 
capacity, which deals with thesewage of another district of the town 
near the works, operated also 1^ the destructor, which raises the 
sewage from a low-level sewer to a higher one about 18 feet above, 
the compressed air required being 12 Ibe. to the square inch. This 
ejector was formerly worked by an independent steam engine, costing 
for coals about 120Z. per annum, which is now saved. 

The waste heat from the destructor ie also utilised for producing 
electricity. The engines before referred to drive a dynamo suffici- 
ently powerful to feed either ton arc lamps of 3000 caodle-power 
each, thirty 1000 candle-power, or two hundred glow lamps of the 
ordinary 16 candle-power type. At the present time the works are 
lighted with two 3000 candle-power and 12 glow lamps, and 
frequently four streets in the vicinity of the works are lighted, but 
this has only been done experimentally for the information of the 
Corporation, who have, from the successful results obtained, 
nnaminously resolved to extond the installation to the Municipal 
offices (the building we are now in) ; the Hartley Institution, just 
below here ; the Town Hall, at the Bar Gate ; and the church clock 
opposite. For this purpose accumulators will be placed in the 
basement of this building, and charged through a cable from the 
works. This lighting' will.be more economical than the gas, as it 
will be seen no cost will be incurred for fuel, as we have ascei^ 
tained that the house refuse will be sufficient to maintain the 
steam.^. 1 may also mention, in order to show, what farther use 
can be made of a refuse destructor and the utilisation of town 
refuse in connection with sewage treatment, that nothing will be 
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easier ioi ns, as soon as Mr. Webster has perfected his cr^Btem, 
tiian to employ it for the electrical treatment of oni sevage ; for 
we Bball ffidj have to place the electrodes in our existing reser- 
Toir, md charge them &om the dynamos at the destmctot 
vorb l^ cable, thus saving the cost of ooi precipitating material 

Whilst npon the subject of artificial lighting, I may mentioa 
that I have recently given oonsiderable attention to the employ- 
ment of " hydrocarbon oila and compressed aii for lighting towns 
or districts," and hare devised a scheme in which the destmctor 
forms SQ important adjunct. I will briefly explain the system to 
this Assomtion as another examjde of the utilisation of town 
refuse. 

I proceed in the followbg manner: — I erect a station or 
stations in any soitable plaoe ; and I compress air, and transmit it 
through iron mains and services laid in the gronnd to hydro- 
carbon oil burners attached to the ordinary street lamp columns-; 
and at the same station or in any convenient place I ccoistmot 
receivers for the hydrocarbon oil, which I also transmit through 
separata mains and service to the bnmers before mentioned, or to 
any other point of combustion required. These oil mains and 
services are kept charged by a Bhone's ejector, which as yon know is 
operated by the compressed air, and the ejector, being aatomatic, 
regulates IJie flow of oil to the burner, according to the demand 
made by the consumption in burning ; any number of lamps can 
be supplied &om one station. I lay the oil main within the air 
main, an anangement whereby tiie oil is kept at a higher tem- 
peratora I have made several experiments with this method of 
Ughting and am continuing them, but I regret the time at my 
disposal to-day will not permit me to enter more fully info the 
deUils. 

The result of my proceedings have so &r led me to anticipate 
that at no distant date I ehall be able to show this Association a 
district of a town lighted under this system, and worked entirely 
by a refase destructor, consequently much more economical than 
any artificial hght hitherto employed for public lighting. 

Our destructor is also to be employed to give a helping hand 
to a neighbouring authority. 

The Corporation have agreed to supply the Local Board of 
Shirley and Freemantle, about two miles &om here, with sofGoient 
compressed air to work an ejector which they are about to put 
down in connectioD with the dispoRal of their sewage sludge by 
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precipitation. The compresied air will be ooDveyed through a 
4-iiich main from onr works to theira, thus BfiTing them theooetof 
a pumping station, and bringbg to ns a letnm of 2002. a 7ear, 
ffhich they have agreed to pay for the compreesed air. 

The initial cost of the deatractor, inclnding engine boose, 
inclined roadway, chimney shaft and boiler, and ironwork oom- 
plete was 87232. ; and the sewage disposal portion of vosks abont 
30002. 

The annnal expense for homing refuse is as f(rflowB : — 

F«rW«ek. PerAnnnm. 
TiTOBti^ert,U5i.Moh,ld»7Uidl night 3 10 01 .gq . . 

One feeder, day only 10 0/ 

Half time of •nperintendent 39 4 



Mazimnm quantity burnt per day of 24 honra for the last 
three years is fifty tons, which is less than H^ per ton for 
bnming. 

The minimnm qnnntity burnt per day of 24 bonis is abont 
twenty-fiTe tons. 

This quantity has maintained the steam for the purpose of 
our work for 24 hoars. The indicated horse-power of the eDgines 
being 31 ' 5, or - 80 of a ton of refuse per horse-power for 24 hoon, 
or 75 lbs. of refuse per horse-power per hour. 

The annnal ezpenditnre for the sewage clarification and dis- 
posal works is SOS/., as follows : — 

c >. d. 
365 dajB (carbtHi fM^dpitatlng maleiiftl aTonge 

a*. 2d. per day) 149 

Labonr attendants at naerrnin 65 S 

Tvomenat whaifmantiremixiuK 93 12 

Total £308 

The amount recMved from the sale of the manure darii^ the 
last year is nearly 6002. 

The products from the deetmotor, vhidi inclndes the concrete 
slabs before referred to, steps for police station, dinkers nsed fbr 
concrete fbondations, fine ashes for mortar and foundations for 
footwalks, and cUnkets sold fbr new cycle track, represent about 
uother 3002. 

To which conld also be added the saving for coal required for 
working the engines. 
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DISCUSSION AND VISIT TO WORKS. 

Mr. J. LiHOH : I am very pleased to eee ao moDj frieuda at 
this meeting of tlie town of m; adoption. While we are all very 
mnch interested in Mr. Bennett's paper, the members are placed 
at this disadrantage — they have beajrd tlie worlcs described, bat 
they have not seen them ; we sbonld, therefore, for the preset 
confine the disonBsioa to the general principles only, and then, after 
we have all seen the works, we can go more into details. The 
Corporation of which I am a member, some time ago were very 
mach impressed by the nuisance of the accninnlatioD of refuse in 
certain jrarts of the town, arising in this way — the contractor was 
ooable to sell it at c«rtain seasons of the year, and a large amonnt 
of matter was left. They dedded on a refoae deetmctor, and 
experience has proved that they did the right thing. Bat it 
meant money, and yon cannot improve the sanitary worfai of any 
town without paying for it. The cost of removing the ashes before 
the deetmctor was nsed was 6502. a year. It is something like 
double that now, but of course it is better done, and against the 
increased cost we have to set the motiTO power ; we have the 
destructor, and if Mr. Webster can only perfect his purifying 
process, it will be a great step in dealing with refuse sewaga 

Colonel J0H88, y.G. : Oreat credit is due to Mr. Bennett for 
having done so much towards solving the difficulty of utiliEdng the 
waste product of town sewage. This is acknowledged to be of the 
greatest importance. No doubt Mr. Bennett has found the services 
of Mr. Lemon of great vidae, and the town is to be congratulated 
upon putting so eminent an engineer upon the Council. It is an 
example other towns should follow, because the disposal of town 
refnse requires so much more attention than an ordinary town 
councillor is able to give. 

The company then proceeded to the platform on the Town Quay 
to inspect tiie sewage outlet, where the sewage is precipitated, the 
efflnent passing into the Southampton Water. 

Mr. Bbhhstt explained that they were there standing upon 
two reservoirs, 100 feet long, and 60 feet wide, and at the lowest 
end 10 feet deep. Directly the clarification by precipitation has 
been effected to a certain depth, the effluent is dischai^ed into the 
tide-vay. Afterwards the sludge had to be dealt with. It is 
admitted into the ejectors and thence transmitted by pneumatic 
force to the deetractor about a mile away, and there mixed with the 
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road sweepings and house refose, when it becomee a marketable 
commodity and is readily sold. Porous carbon is used in the 
precipitation, and at present they vere using abont S cwt. a day, at 
a cost of 3a. Qd. per owt. The sludge in twenty-four houra was 
about eight tons. These reserroirs were not constructed to take 
the whole of the sewage of the town. It only treaUd a district of 
of 13,000 or 14,000 inhabitants, and was very aucoeesful. We 
get the carbon &om the Porous Carbon Company. Beply- 
ing to further questions he said after the effluent had been dia- 
posed of, the solids were dealt with at the works. Their object 
was not to get an effluent of a very high standard, but only to 
keep the solids out of the water. Paper, corks, and such like, were 
collected by a screen. The sealed main was five inches in diameter 
and a mile long. With regard to the leakage of the mains, 
Mr. Bennett said he had found no difficulty so far. 

Mr. Fbitchabd: I have had mains tested before laying, and 
although some only lose half per cent, in half-an-hour, some lose 
VA and 14 per cent. 

Mr. BsHHsrc : Each of our pipes were coated with a solution 
of soft soap, and tested with compressed air at the time of laying. 

The Pbbbidekt : If you test your pipes with air to three times 
the presanre that will be used, it is better than water pressure. 
With copper pipes with copper washer and steel bolts, I hare 
worked pipes to a very high pressure, but I now prefer to use 
weldlesB steel pipes. 

Mr. Bennett : We have found no loss from our joints. 

The visitors were then shown the carbon box in the main sewer, 
into which a small stream of water &lls to prevent the carbon 
consolidating. The box is filled three times in twenty-four hours. 
The sewage flowing past washes the carbon gradoally out of the 
box, and is thoroughly mixed with the carbon by the time it dis- 
charges into the reservoirs at a manhole 150 feet off. 

The Corporation works and destructor were next visited. In 
the engine house they were shown a pair of engines of 31 indicated 
horse-power, which compress the air into two large receivers, 
which, together with the 5-inch cast iron main, contained abont 
4000 cubic feet. It passes into the 5-inch main to the Town Quay, 
where it is automatically supplied to the ejectors when required, 
and it also drivee the precipitated sludge through the main to the 
destructor. They also drive the dynamo for the electric light 
installation, there being no accumulatore at present. 
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The paxtj were then conducted to the destmctor, that part oftha 
woAs vhete the refose &oin the town is deposited and burnt, and 
saw the whole procees in operation, and- the mixing of the elndge 
with the sorted town refuse and road sweepings, which then becomes 
a marketable commodity aa mannie. The road sweepings were 
never bnmt, as they could always be sold. The fnmaces and other 
ports of the works were also visited. 

A series of qnestionB, at the condnmon of the inspection, was 
pnt to the Surveyor (Mr. Bennett), who said they bnmt nothing 
bat garbage. Last year they realised £600 from the sale of manure. 
A good many farmers bny the contents of the ash bins in its origi- 
oal state. What was not sold was bnmi The clinkers from the 
fdmace were stored and sold, and also made into paving slabs. 
Each fomace sometimes consumed 9 tons a day of twenty-four hours, 
and the six furnaces represented 54 tons a day. We have one feeder 
and two stokers. 

Mr. FmsioH sud he had twelve stokers to twelve cells, working 
in three batches of four, eight hours each. 

Mr. BamrETT, forther questioned, said the sludge was not dried, 
bat mixed with road sweepings in dry weather, and in wet weather 
mixed vritb the ashea Tlie lowest quantity burnt was 25 tens aod 
the highest 54. The sludge cell was capable of holding 20 tons of 
sludge. The sludge was from a popidation of 14,000, but the 
works dealt with tlie house refuse of a peculation of 60,000. He 
mentioned that the clinkers wore utilised for road-making, concrete 
slabs, paving, and other purposes, and they were about to make a 
cinder track in Westwood Park, with the clinkers they now saw in 
the yard. 

Mr. C. JosBS : I feel very much gratified with all I have seen. 
The papers, as papers, have a great charm about them which we 
do not often meet with. They are very concise and clear. There 
is no doubt about the meaning of the words or the figures given, 
and instead of being complicated we can thoroughly understand them. 
Of town refuse and sewage disposal, I take it, we are the more 
interested in than the water question. We have seen the works, 
and therefore of net^ssity we must corroborate what we heard in 
the paper. As one who has taken some little interest in the sub- 
ject of town refuse destruction, more particularly in the destruction 
of sewage sludge, and having done my beet to improve it, and 
I thought I WHS pretty well at the top of the tree, but Mr. 
Bennett has gone further than I have gone. Probably he has had 
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tlie adTantage of stadymg one or two — m; ovm. amongat them 
— and he has improTed upon it. This is one of the great advan- 
tages we have in coming together. We cair^ the work of otheis 
home, and improve npon it, and keep on trimming the lamp bb wo 
go along. One great point is the economy with which these 
works are carried out I do not know how they manage it at 
Southampton. I snppose the men are of a salamander class. I do not 
pity the men who were stoking, for they did not seem to require it. 
It is extraordinary that they can do the work they do, and do it so 
well. I know all the destructors in England, bat not one where snch 
a large amount of work is done as at the destructor at Soatbampton- 
There are those present who know as well as I do, and who will 
bear me ont in saying — I do not seek to nse smooth words, bat the 
tmth — there is no deetmctor in England, where a larger amonnt 
of work is got ont of it than the one in Sonthampton, and I say all 
hononr to Ur. Bennett, who has produced such admirable results. 
As to the development of tbe treatment of sewage with carbon, we are 
all pretty well tired of discussing it. However, in Sonthampton, 
you are treating sewage in an admirable way ; and if it suits the 
views of those who have the control of these thrags, you are doing the 
best yon can. The principle is that every tub in this matter should 
stand on its own bottom. As to the destructor, you have arrived at 
a very high standard, and I am going home to do likewise, for I have 
learnt something to-day. The President does not agree with me in 
the principle of destruction, but you have gone a little farther than 
I have gone. Your treatment of the refuse, the maDufiacture of 
stone, and the electric hghting, is a grand idea. The mode of utilis- 
ing it for farm purposes is beyond all praise. I congratulate Mr. 
Bennett on the way the whole thing is carried out, and I hope he 
will continue to be prosperous, and that we may all go from here 
gathering useful lessons for the towns where we are engaged. 

Mr. £a.ohds inquired as to the gradient of the pipe conveying 
the sewage to the ontlet, 

Mr. Gabtwbiobi : I havo come a long distance to see these 
works, and must express myself perfectly satisfied. I was one 
of the pioneers in the introduction of destructors, but, like 
Mr. Jones, I must see if I cannot improve ours. Our destructor 
is costing twice as much as yours in Southampton, and we are not 
utilising the heat to the same extent We have learnt much 
to-day, and in the future I hope to improve onr works at Bury. 
We have seen the concise manner in which the works are laid out 
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i& SonthamptoD, to which is ovii^ the economical use of the 
deBtructor. I am pleased and inBtrncted with m; visit, and thank 
Mr. Bennett for the opportunity of coming here. 

Mr. KoBRiNOTOK : Them is one featnie in the paper I shoold 
like Mr. Eennett to some extent remedy. He has given na tlie 
particulars of how he deals with a certain portion of the sewage of 
Southampton. I think he might give us some little information 
as to how the remainder of the eewet^ of the town is dealt with. 
With reference to what we hare seen to-day, it seems to me in 
many respects to be an imptovement on what we have seen 
previously in other places. I am not at present absolutely con- 
vinced that tlie method of dealing with tiie refuse of towns by 
burning it wholesale is the beet means of deaUng with ashee and 
refuse ; but bo for as it has been done at Southampton it is cer- 
tainly an improvement upon anything I have seen before. If 
the refuse is to be burnt, the utilisation of the heat is an impor- 
tant point to be borne in mind, and that question was to a certain 
extent solved in Southampton. We who have to deal with London 
refuse will also leant something &om what we have seen to-day, 
although unfortunately we are unable to dispose of the sludge in 
the same way that Mr. Bennett does, as in all coses we have to 
pay a considerable price for cwting it away, whereas you receive 
2a. Gd. a ton for it. I congratulate Mr. Bennett and Mr. Matthews, 
not only upon their papers, bnt on the efficiency of the works they 
have carried out 

Mr. Stkaoh&k ; The papers are very complete, but I should 
like to be informed npon one matter. Mr. Bennett pnt the whole 
of the concrete foundation — 30 feet square, and 10 feet deep — con- 
tinnoQsly. "What means did he take during the hours of darkness, 
to see that it was properly done ? In such matters it is difficult to 
know whether to go on daring tbe night ; and I should like to 
know whether, under the means he adopted, it was perfectly 
satisfeotory p Further, I should like to know in what respect the 
shaft was damaged by lightning, as every precaution appears to have 
been taken in the way of lightning condQctors ? Perhaps he will 
explain too, more clearly how it is that from one dynamo he can 
get sufficient cnrrent to feed ten arc lamps of 3000 c. p. each or 
200 glow lamps of 16 o. p. each with the incandescent light. The 
discrepancy is more than is usually found in comparing the two 
lights. One of the most important matters in the paper is the 
question of lighting the town by hydocarbon oils and compressed 
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air. Much as we hftve been interested in all we have seen in 
Southampton to-day, if Mr. Bennett brings this matter to as great 
a perfection aa he has his other works, Southampton will become 
famous in the history of lighting. When be has completed his 
experiments, perhaps he woold favour the AssociatioD with a paper 
and pnt them as early as possible in possession of the information. 
One other point is, whether it is a fact Mr. Bennett gets one horse- 
power per honr out of 75 lbs. of refuse ? The works were not abso- 
lutely bnilt for the purpose of utilising the heat, it was an after- 
thonght ; and if he will give ns the figures to confirm this, we wonld 
be glad to know this result was obtained upon a sabstantial basis. 

The Pbbsident ; Mr. Jones has alluded to the &ct that I am 
opposed to what he calls the destruction of the town refuse by so- 
called destructors. This is not quife a correct way of putting my 
opinions. I am opposed to the so-oalled destruction of town lefose, 
because in principle, it is injurious and wasteful, and although you 
have heard high praise passed upon the works you have seen, I 
do not know that my theory could have received moi'e substantial 
support from any other works. The theory that municipal engineers 
should pay careful attention to, and the standard they should work 
up to, is that there should he little or no refuse to remove from 
houses. When yon learn from Mr. Bennett that he has obtained a 
large amount of power from the refuse that has to be removed 
from dwellings, it shows what a waste is going on. First of all 
the householder has to bom coal in a most unsatisfactory, un- 
scientific, and baiberons manner. It is only because fiiel is bo 
exceedingly cheap in England that (q>60 fireplaces are tolerated at 
all. Something like 90 per cent, of the eO'ective yalae of the fuel is 
lost burning it in open grates. Except that you have the chimney 
to carry away the smoke it is only one step removed from the 
wood fire in the tent of the savage. With sanitary engineers this 
is ft state of things that must not and will not continue for ever, 
and while the present necessity of town surveyors compels them to 
search about for practical means of getting rid of town refuse, the 
goal they should have in mind is the doing away with burning 
solid fuel in open fireplaces, and to bringing about a central 
factory for the production of heat and light. What would have 
been said 100 years ago at the idea of a central factory distributing 
light to every household in the town. Some of you here 
inwardly amile when I look forward to the rapid solving of the 
problem of the distribution of heat ttom a central station. This 
effected, of course in each honse there would be no ashes to 
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remove, and the great bulk of the town refuse would bare been 
aboliBbed altogetber. Then there wonld Eomply remaia the decayiog 
matter in the shape of vegetable and other refuse ; there vonid be 
no difficulty whatever in designing a small store for a large 
house that would absolutely bum all the refuse which now coats 
BO much money to deal with. This may be an idea — an Utopian 
idea — but Btill I throw it out because many municipal en^eers 
have time and opportunity to work out a problem of this sort> 
and I hope the day is not iar distant when some of you may have 
the skill and courage to carry it into practice. Mr. Stiachan had 
alluded to a paragraph in the paper of the highest possible 
importance to mumcipalitiea and their engineers. That ia 
Mr. Bennett's proposal to light the borough by beary hydro-carbons. 
For the last eighteen months I have been managing director of a 
company whose bumnees it is to manufacture and sell lamps 
burning heavy hydro-carbons, heavy oil of tar sold at IJd. a gallon. 
This is a problem that is not going to be solved very easily. 
£50,000 has been expended, and chemists and engineers, bave been 
attempting to solve ihe problem for the last 20 years. I have had 
the Patent Becord searobed, and find that there are 233 patents 
existing in reference to this subject. One man alone has invented 
35 lamps. The subject lately has attracted a great deal of attention, 
and has grown with giant strides. Some of you were present the 
other day at onr works and saw the lamp we were making. That 
lamp vras superseded by one of another nuke, and we had to set oar 
heads to work to anpereede the lamp which had superseded onrs. 
If Mr. Bennett contemplates dealing with the question, althongb 
oars is a commercial ooncem, I shall be pleased to let him come to 
our works at Westminster and reap the advantage of any experienoe 
we have gained, and give him the benefit of everything we have 
patented. It is a subject that will attract a good deal of 
attention, because heavy hydrocarbons are exceedingly cheap and 
can be obtuned in any town where there are gas works, and any 
solution of this problem will be welcomed by the public at large. 

Mr, Bbnkbtt, in reply to the questions, said : — The engines com- 
press 4000 cubic feet of air into two receivers and the 5-in. cast 
iron air main, and when required for the transmission of the slndge 
which occupies about one hour per day, they are coupled, and work 
one air cylinder only. When the dampers were raised the fires 
immediately l^bted up without any additional fuel. One engine 
uncoupled is sufficient for the electric installation. The Poroos 
Carbon Company claim that the carbon supplied to us is rich in 
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iioD aod alnmina. The time occnpied in filling in the concrete 
foaadatioii (333 cubic yards) was about seTeu days and nights ; 
the light Tiaed waa gas. The damage to the shaft oonaiBted of the 
displacement of about eight comses of brickwork at the top of the 
cap, for abont 15 feet roond the circnmference, since which a copper 
bajid, fused to the tape, has been placed all round the fop of the 
cap, with two additional vertical rods, 5 feet and 4 feet 6 inches in 
height. We are experimenting in Southampton as regards hydro- 
carbon oil bnming; we are continning them now, and I am 
satisfied that we shall have benefidal results to the community. 
Many patents hare been taken oat, no donbt ; I hare taken soTetsl 
mys^ In reply to Mr. Sachos, the main ie nearly level and 18 
inches below the mrfaoe. There is no gravitation, bat the compressed 
air is osed to force the slndge throngh iL As to the disposal of the 
refuse of the other parts of the boroagh, we dispose of the whole of it 
except from three or four thoasand of the inhabitants of Fortswood, 
who dispose of it by manniiDg their land, or otherwise. As to the 
electric lighting, I may explain that we are as yet in an experimental 
stage ; but I have great &ith in it, and trom ezperimente we have 
carried out I do not see the slightest reason why we should not light 
any nnmber of lamps from one given station. As regEirds the Fred- 
dent's remarks abont the waste of refnee, I am in sympathy with bim 
there. I have frequently watched the loads coming into our yard, 
and 1 think the servants in our honsee are guilty of great waste. 
I have seen pounds of good ooal thrown into the destructor. If 
proper economy was exercised at home a great deal of it would nerer 
teach here. Still we have a large residue frxnn the trade in the 
shape of wooden boxes, straw, paper, and sweefungs of shops and 
business places, that alone would keep up steam suf&cient for our 
work, and no doubt, as the town increases, we shall be able to keep 
that up still better, for, as I have already explained, 25 tons of 
refuse is snfBcient for the purpose. 

The Pbbsident then proposed a cordial vote of thanks to Mr. 
Bennett and Mr. Matthews, for their papers and their kindness in 
takii^ them over the works, and both tlwee gentlemen acknowledged 
the vote, 

Mr. Lbuok, proposed thanks to the Preddent for the efficient 
way in which he had discharged his duties that day. 

The pBBBiDsafT, in response, thanked, on behalf of the members, 
Mr. Lemon for his hoepitahty. 

The memberB then left by special train for London. 
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THE SOUTHAMPTON WATERWORKS, 
1290-1889. 

By WILLIAM MATTHEWS, Meh. Ikot. O.E., F.G.S. 

The Waterworks of the town of Southampton have a hffltory of 
more remote date than can he aecrihed to almost an; ether snch 
nndeitaking in this con&try, it being recorded that on Jnne 16th, 
1290 (Edward I.), one Nicholas de Shirlee granted to the Friars 
Minor the right to taJie water &om a Bpriog at Colwell to 
. Archard's Bridge, and thence by the King's Highway to their 
Chorch in the town of Southampton ; and it is farther recorded 
that in 1310 (Edward IL), upon the Feast of the Pnrification, 
these Friars granted the nse of the water to the Town. The old 
conduit bead and water-house may yet be seen. 

From this date until 1747, this and vHrious other supplies 
from springs and wells, of a purely local character, vere made 
use ot 

In 1747 the first Act of Parliament was granted, and reservoirs 
(Nos. 1, 2, and 8) with earthen banks were constructod on the 
Common, in which sur&ce water was collected and conveyed 
thence to the town in wooden pip^ some of which are still occa- 
sionally met with. Wells were also sunk near the town, and, with 
the above, served to supply the inhabitants until 1851. Beeervoirs 
Nob. 2 and 3 are still used in oonnection with the supply for 
sanitary purposes ; Ko. 1 has been demolished. 

In 1838 the deep well and boring on the Common was com- 
menced, and the work carried on intermittently until 1883, when 
it was abandoned at a depth of 1317 feet (842 feet in the chalk), 
having involved an expenditure of 20,0002., and fiuled to yield the 
supply required. The shaft is lined with cylindeis and brickwork 
to a depth of 467 feet, is nnlined for a depth of 96 feet, and the 
lemainder is bored and unlined. 

In 1851 the Mausbridge works were initiated, and a supply of 
vrater from the Biver Itchen obtained ; the works consistiug of a 
hriok-lined subsiding reservoir (3^ million gallons), a pair of 
Cornish beam engines, and four boilers; and at the same time the 
two brick-lined reservoirs (5 million gallons) at the top of the 
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GommoQ were eonstnicted. It is proposed to covei orei these 
reeervoits (which are oaed in coDcection with the new atippl?) &t 
an early date, at a coet of from 4500^. to 5000/. 

In 1865, the capacity of the Mansbridge Works was increased 
by the erection of a new engine and boiler-honae, a pair of rotative 
beam engines, and fire boilers ; and nntil lately these works hare 
been in operation. 

In August 1885, the Act for constmcting the new worka was 
obtained, and the Mansbridge works have been closed »nce 
Febrnary this year. 

The new works consist of a pnmping station and softening 
works, lime kilns, tramways, and cotta^, erected upon a plot 
of land 13 acres in extent, to which access is g^ned by means of 
a nowly-formed road and a siding from the &iilway. A line of 
24-inch pnmping main, 1^ miles in length, leading up to a circular 
concrete and brickwork covered reservoir (one miUion gallons) on 
Otterbonme Hill, and a line of 16-inch gravitation main, 4^ miles 
in length, with brick subways under the railways, through which 
the water flows into the existing system of mains and the reservoirs 
at the top of the Common. The pumping station is 90 feet, the 
Otterboume reservoir 250 feet, and the reservoirs on the Common, 
200 feet above Ordnance Datum. 

The pnmping station is within 100 yards of the outcrop of the 
ehalk, and tiie water is obtained &om two bored wells (6 feet 
diameter) sunk 100 feet entirely in that formation by Messrs. 
Legrand and SatcliS*, of London, and from a length of 300 feet of 
headings, at a depth of 55 feet from the surface. 

Pumping is eOected 1^ means of a pair of rotative compound 
receiver beam engines, one to each well, with two pomps to each 
engine ; the one, a low-lift pump, raises the water irom the well 
and delivers it through a 24-inch main, laid in a tunnel under the 
entire length of the buildings, to the softening works ; the other, a 
high-lift pump, receives the water after it has been softened, and 
forces it up through a 24-inch main to the Otterboume Hill 
reservoir. Each engine at its normal speed pumjs two milHoD 
gallons per day. 

Theee engines are of the most approved construction and 
embody all the most modem improvements and details, thus 
rendering them extremely economical, a duty of over 125 miUioDB 
being obtained at the guarantee trials. The cost of pumping is 
•521 penny per 1000 gallons. 
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Steam is supplied hy three steel Laocashire txniers, space being 
left for a foarth when leqnired. 

A repaiiiDg-Bhop adjoioe the boiler-house, aud coDtains lathes, 
drilling machines, and grindstone, besides a horizontal engine for 
working them and the machinery connected with the softening 
plant. The engines, pumps, boilers, tools, and machinery, ware 
constructed and erected by Meesre. J. Simpson & Co., of London. 

At the npper end of the range of buildings, the " hard " water 
from the well will be seen as it Sows from the 24-inch main into 
an iron tank or " mixer," where it is softened by being mized with 
lime water. Water from the chalk is " hard," owing to the 
presence in it of carbonato of lime in solution ; thus rendering 
it inTisible. If, howoTer, lime water be added, the carbonato of 
lime is rendered insoluble (i. e. solid and visible), the wator then 
appearing milky and turbid, and if this sohd mattor is allowed to 
subside or is removed, the water will become clear and be soft. 

To carry out this process, chalk is dug in a quarry at the top 
of the field, and burnt in two kilns erected for that purpose, the 
resultant lime being conveyed in tracks to the mill-honse, where 
it is " slacked " in two specially constnicted mills, and the thick 
cream of lime produced is stored in a large brick-lined tank, to 
be used as required. An air compressor, fixed in the milUhoose, 
forces jeta of air through the Hme to prevent it from settling, and 
a lime pump, fixed in the same place, pnmps the cream of lime 
&om the tank and delivers it into two large iron " lime cylinders," 
where, after admixture with wator so as to make a completely 
saturated solution of lime wator, it is ready for use. From these 
cylindeis it flows by gravity through pipes and regulating valves 
into the " mixer," into which the hard wator from the wells flows ; 
there it is mixed, and, in a turbid and milky stato, passes over the 
edge of a distributing weir and falls into a brick-hned tank of 
100,000 gallons capacity, where some of the heavier part of the 
suspended matter now in the wator is deposited. Passing over a 
weir wall, the water is then delivered to the filters, where the 
remainder of the suspended matter is removed, and the clear soft 
wator Mis into a brick-lined tank, and flows through two 36-Lnoh 
pipes to the high-lift pnmps. 

The filtering is efiected by passing the wator throngh cotton 
doth, mounted on perforated zino on light hollow cast-iron discs, 
and BO arranged that, to cleanse them, they are made to revolve, 
and jets of wator at high presenre brought to bear upon their 



?;.^osic 



52 THE 80UTHAKPT0H WATB&WORKS. 

Bor&ces. The eofteaing plant, the largest ever erected, haa been 
supplied by the Atkins Filter and Engineering Company, of 
London. The water is softened &om 18 down to aboat 7 degrees 
of hardneee and the cost is ' 225 penny per 1000 gallons. 

The cost of these works, with the Otterboome Hill reservoir, 
and the pnmping and gravitation mains, haa been 63,000/. 

Beyond this the Corporation bsve, daring the past four years, 
in connection with the perfecting and reorganising of their water- 
works ondertaking, laid down abont 14 miles of new mains within 
the borough, at a cost of 13,0007. ; have adopted Beacon's waste 
water meter system, at a cost of 2600^ ; and have initiated a new 
system for the snpply of water for street watering and sanitary 
purposes &om the old reservoirs (Nos. 2 and 3), and the deep 
well on the Common, at a cost of 4502. The old mains, which 
were inadequate to withstand a high pressure service, have been 
utilised for the distribution of this supply, while the pumping 
&om the well is effected by means of a pair of hydraulic engines, 
driving a set of weU pumps, and actuated by the water in the 
high pressure supply mun without the loss of any water. 

The effect of these works has been that, although the popu- 
lation supplied has during the past five years increased from 
61,400 to 65,600, the working expenses have &Ilen from 52002. 
to 40502. per annum, and the receipts from water sold for trade 
purposes risen from 22002. to 26502. ; and the consumption of 
water, which was at the rate of 60 gallons per head per day, has 
been reduced to 29 gallons, and is still falling. 

DISCUSSION AND VISIT TO WORKS. 
The PbesidbhI! : We are all very much obliged to Mr. Matthews 
for his Tslnable paper. He has done that which is rarely done by 
anyone reading a paper — he haa given us facts and figures derived 
from experience which will be invaluable for engineers. About 
two years ago I had to prepare a contract for large works in 
Egypt I had a man searching the ' Proceedings ' of the Civil Engi- 
neers for a fortnight to arrive at the cost, ioclnding coal, of lifting 
a ton of mud a foot high ; hut I could not ascertain that simple 
fiici When you get a paper giving figures ranging over a certain 
period, and obtained from actual experience, they are invaluable to 
practical engineers. The Corporation of Southampton, in softening 
their water, have adopted a principle it would be well that all 
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oorporatdonB shoDld follow who obtain iheir water from the chalk 
fonnatiou. I ma; instance the case of the Corporation of Brighton. 
Their water was obtained from the chalk and waa exceedingly 
hard. They derive a considerable revenue from their water snpply, 
and instead of softening it, as has been done in this case, they have 
preferred to apply that revenue to the alleviation of the general 
district rata That, I consider, is a very improper proceeding. 
When gas or water undertakings are acquired by a corporation, 
the first doty they owe to the consumer is to give them the beet 
article at the lowest possible price, and not apply the surplus funds 
to purposes Parliament never intended. One is pleased te hear 
constantly that the eystem for the prevention of water waste de- 
signed by one of our past presidents, is bearing good frnit all over 
the country. We most congratulate Mr. Deacon that wherever a 
fair trial is given te his invention it always succeeds, and ita succeea 
has never been more exemplified than in this paper, which shows 
that the consumption of water in Sonthampten has been reduced 
from ()0 gallons per head te 29, and tliere is every likelihood of a 
still further decrease. We shall presently visit the waterworks, 
and it will be well that any further disoussion should be postponed 
until then. 

"Yhe Members were conveyed by special train to the new water- 
works at Otterbome, a distance of eight miles from Sonthampten. 

Here the softening process was first explained by Mr. Matthews, 
the water engineer, who said the chalk was dng near at hand and 
was brought in tracks te the kilns, and there burnt inte lime and 
conveyed in trucks te the mill-house where it is slacked and the 
thick cream of lime produced stered in a tenk te be used as 
required. There was a little pump for pumping up the lime, and 
also an sir-compressor for pumping and forcing air through it 
te keep it bom coming inte a solid state The cream of hme was 
pnmped in small quantities inte two cyhnders where, after ad- 
mixture with water so as te make a completely saturated solution 
of lime water, it was ready for use. It then flows by gravity 
throngh pipes and r^ulating valves inte the mixer, where it is 
mixed with the water from the wells, and then passes inte a tank 
of 100,000 gallons capacity where the heavier suspended matter 
was deposited. The teok was not so much for the purpose of 
eterage, but to thoroughly mix the hard water with the hme so 
that the chemical action might be completed before passing into 
the filters. 
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FassiDg into another compartment Uie viBitois were pointed out 
a row of tanks into which the water from the lai^ tank paeaed by 
means of 6-inch pipea Here the process of filtration is under- 
gone, 2^ miUioQ felons a day being treated, bnt proviaion ia made 
for dealing with 8^ millions a day when necessary. The water 
flows into these small tanks in a milky state, and in each of 
the tanks is moonted a set of discs, which are composed of 
light cast-iron work covered with sheets of perforated zinc, 
^ther side of which is covered with a sheet of cotton doth. 
The water percolates through the cotton cloth, and leaves on it a 
deposit of bicarbonate of lime, and acts in snoh a way that in course 
of time the cloth becomes choked. The great point was the means 
of cleansing the Altera When this becomes necessary the discs 
are made to revolve. There was a set of pipes in each filter caa- 
nected with a high pressure service ontside, and as the discs 
revolve, sprays of water were projected on the face of the cloth, 
and washed off the deposit, which falls to the bottom of the tanks 
and is taken away by drains to the ontside. After a fortnight's work 
it was found the jets did not get rid of the whole of the deposit 
from the cloth. Some of it got hang up there. Originally a 
device was propceed for injecting high preesnrs water into the 
inside of the disc, and so blowing ont the deposit &om the pores ; 
but it had a bad efTect npon the cloth, as it opened the pores 
of it, and it had not sufficient elasticity to regain its former 
portion. So now, instead of injecting water every ten days or 
fortnight, they inject live steam, by which means they got the 
cloths entirely freed and did not injure them in any way. They 
fonnd in oonseqnence of the action of the lime npon the cloths that 
they so deteriorated that renewal was necessary every six months, 
and in conree of time they hoped to increase Uie hfe of the cloths 
to nine months. 

The process of cleansing was then demonstrated in one of the 
filters. The members were there conducted through the re- 
pairing shop and the boiler-house to the engine-room, where 
Mr. Matthews gave a description of the engines by which all the 
pumping is done. He explained that the engines were of the 
most improved construction. They were a pair of rotative com- 
pound receiver beam engines, each working a low-liU pump 
raising the water from tbe well and dehvering it to the softening 
works, and a high-lift pump sending the softened water to the 
Otterbome reservoir — being a lift of 220 feet, &om thence a full 
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of 50 feet to Southampton Common, The normal speed of each 
pnmp was two miUion gallons a day. 

He also gave some isforqiation as to the geological sitnatioQ, and 
explained Uiat there were two wells annk 100 feet in the ehalk and 
6 feet in diameter. In the first inst&nce they were separate, but 
not acting in harmony a connection had to be niEtde between them. 
The supply had been considerably increased by adits being thrown 
ont. One important qnestion in connection with the softening 
process was the means of disposing of the refose from the Ultera. 
They had experienced some difficulty in the matter, bat they hoped 
to OYereome them. He was not aware that the problem had been 
solved anywhere. 

Mr. MiOHOLB (iJonthampton) : Can't yon make whitening ont 
of it? 

Mr. Matthews replied thai from a chemical point of view it 
was pure whitening, but the difficulty was in getting rid of the 
crystallised condition which it assumed. They had been making 
experiments, but bow far they would succeed remained to he seen. 

The PnEsiDKMT said in liis hnmble judgment these \>ere the 
best waterworks he had had the pleasure of going oyer for some 
years past They may not be so large as some of the great works 
they had visited in the north, but in completeness they were sur- 
passed by none. Everything they bad seen to-day had been 
engineering of a high-class character and reflected the greatest 
credit on the engineer who had carried them out, and they had 
the advantage of having them shown to them by an engineer who 
possessed the gift of giving lucid explanation of the works, and he 
could compliment Sir. Matthews on being an excellent shonman. 
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LANCASHIRE AND CHESHIRE DISTRICT 
MEETING. 



INSPECTION OF THE MANCHESTER SHIP 
CANAL WORKS. 

Ebpobt bt tbx Hon. Distriot Seoubxabt, S. S. PLATT, 
Assoa M. Inst. CR, Bobodoh Enqinxbr and Subtetob, 

BoOODALB. 

Bz the kind permission of the chief engineer, K headex Williama, 
Esq., M. Inst. G.E., the above vorks were thrown open for the 
inspection of the members of the Association, who assembled to the 
nomber of 100 at the Salford Docks. T. A. Walker, Esq., the 
contractor, generously placed a special train at the disposal of the 
members, whereby tiiej were enabled to traverse the portion ol 
the Canal Works extending from Salford to Latchford, near 
Warrington, a distance of fourteen miles, alighting at every point 
of interest on the ronto. 

Before beginning a description of the works, it may not be ont 
of place to briefly refer to the hbtory of this gigantio ondertaking. 

The idea of a navigable waterway to Manchester engaged the 
attention of our forefathers about sixty years ago, but, being 
etrennonsly opposed, had to be abandoned. 

In 1882, however, Mr. Daniel Adamson, O.E. and M.E., of 
Manchester, revived the question, and called his friends together at 
his house at Didabury, when the final effort was inangnrated, which 
was also destined to be most strennously opposed by the Eailway 
Companies, and by the Liverpool Dock and Harbour Board. 

Two schemes were under consideration ; one by Mr. Hamilton 
Fnlton, C.E., to make a tidal waterway from the estuary of the 
Mersey to Manchester, and the other by E. Leader Williams, C.E., 
for a waterway tidal to Warrington, bat with an arrangement of 
locks between the estuary of the Mersey and Manchester. The 
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latter soheme was adopted, and submitted to Parliament in 1883, 
and passed the House of CommooB, but was thrown ont by the 
Select Committee of the Hooae of Lordfl ; afterwarde, in 1884, it waa 
passed by the Lords' Committee, but rejected by the Commons* 
Committee. 

In 1885 an amended scheme was proposed, the canal to com- 
mence at Eastham, skirtiDg the sonth side of the eetnary as far as 
Banoom, and then continue forward In Manchester pretty mnch on 
the lines as previously proposed. After much opposition this 
scheme received the assent of Parliament. 

Then came the crucial stage of raising the necessary capital 
Every obstacle was placed in the way by opponents ; but, undis- 
mayed by temporary defeat, the promoters stuck to their project, 
and success seems now only to be awaiting them in the final stage 
o[ completion. 

The first step towards the making of the Canal was taken on the 
11th November, 1887, when Lord Egerton of Tatton, Chairman 
of the Directors, cut the first sod at Eastbam ; Sir Joseph Lee and 
other directors followed suit ; the chief engineer, E, L. Williams, 
C.E., tipped the congregated soil from a barrow, and the whole 
business was over. 

The work vms put into the bands of T. A. Walker, Esq., of 
"Weetminster, the eminent contractor of Severn Tunnel &me, at 
the contract price of 5,750,000^, to be completed by January 1892, 
with the stipulation that he is to receive or forfeit lOOl. for every 
day under or over the allotted time, and he has spared no efibrt to 
piuh on the works with a determination which bids fJEiir to be 
rewarded by the completion of the contract well within the stipn- 
lated period. 

The length of the Canal from Eastham to Manchester is thirty- 
five miles, the minimnm bottom width is 120 feet, and the depth 
26 feet. It is wider than existing canals, as is shown in following 
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There will be five seta of locks, viz. at £astham, a group of 
tbree, one 600 feet long by 80 feet wide for ocean steamers, one 
300 feet by 40 feet for smaller vessels, and one 100 feet by 20 
feet for still smaller vessels ; and one set each at Latcbford, Irlam, 
Barton, and Mode Wheel, near Salford, cona^ing of two, one of 
600 feet by 65 feet, and one of 350 feet by 45 feet ; the total lift 
being abont 60 feet. 

The total eBtttnated qnantity of excavation is 47i million cubic 
yards, Jth of this being in rock. The total quantity of land required 
for the Canal Works is 3 106 acres, but with the portions which the 
company have been obliged to purchase, by having acoess cut off 
from severed lands and other canses, the total will exceed 4000 
acres ; bnt there is no donht that some of the sarplos land having 
a frontage to the Canal will eventually prove remunerative to the 
company. The variety of interests and individual difficulties to be 
overcome may be imagined when it is understood that nearly 300 
landlords and 350 tenants had to be dealt with before possession 
could be obtained of the land. 

The completeness of the contractor's organisation is apparent, 
for the total length is divided into nine sections, each of which is 
complete in itself, having neatly-appointed of&ces erected on the 
works, all in telephonic communication with the head ofBce and 
with each other, and to each section is accredited a resident 
engineer, assistants, and inspectors, on behalf of the company, and 
agents, sub-agents, ei^neers, as^tuits, cashiers, timekeepers, and 
gangers, for the contractor. Each section is provided with the 
necessary locomotive sheds, with eteam hammers, and the requisite 
shops and tools for effecting repairs, water-tanks, coal stacks, 
stores, stables, and hospital for horses. 

The total number of men and boys at the time of our visit was 
abont 13,000, and the plant employed, which represents a value of 
700,0002., included 190 pumping and pile engines, 82 large steam 
navvies, abont 5000 waggons, 158 locomotives, 205 horses, and 
116 Bt«am cranes. 

For such large numbers of men, who have been suddenly 
bronght into districts where no accommodation was to be found 
for them, the contractor has erected "navvy villages" of wooden 
constmction, and he has been thoughtful of their spiritual and 
bodily welfare, in providing mission rooms, hospitals, surgeries, 
coffee taverns, penny banks, and shops. 

For facility of transport of the necessary materials, the con- 



.V Google 



INBPElTnON 07 TEB KAKOHKlXBB SHIP OASAL W0EK3. 59 

tractor has laid a line of railway the whole length of the Canal 
(with the exception of a short piece near the Weaver month), which 
is dignified by the name of the "Overland Bonte," and with 
the tipping ways makes a total length of about 200 miles of line. 
The rails are steel, 56 lbs. to the yard, each spiked with 
four dogs to sleepers, 10 inches by 5 inches, 9 feet long; the 
waggons are side and end tip, each having a capacity of 4^ cnbio 
yards, the side tippers being arranged to unload tbeniselTes when 
the pin is drawn, and right themBelvea afterwarda 

The locomotives are principally made by Manning, Wardle, & 
Co., Leeds ; Honslet Engine Co., Leeds ; and Hadswell, Clarke, 
& Co., Leeds. 

The excavating plant includes (1) a good nnmber of KnstoD, 
Proctor, & Co.'s steam navvies, (Dunb^ & Bnaton's patent) ; 

(2) crane excavators by Whittaker Brothers, Horsforth, Leeds; 

(3) J. H. Wilson & Co., Liverpool ; (4) J. Smith, Bodley ; (5) 
grabs by Prieetman Brothers, Hull; (6) land dredgers by the 
Lubecker Machinenban Gesellschaft, Lnbeck (known as the 
German excavator) ; and (7) Bnette's machine (land dredger) made 
by Bonlet, of Paris (known as the French excavator). 

The steam pile-drivers are by Siseons & White, Hnll; and 
Laconre and De Witt. 

The pnmpB are of all varieties, centrifugal, pnlsometer, bucket 
worked by beam engine (two of these tatter 31-inch diameter, 
from the Severn Tunnel Works), and others, by well-known 
makers. 

The portable engines are also by the well-known firms of 
Sansomes, Sims, and Jewries, of Ipswich, and Buston, Proctor, & 
Co., of Lincoln. 

The steam cranes are by T. Smith, Bodley ; Fneetman Bros., 
Hull ; Wilson & Co., Liverpool ; and Pearson & Enowlee, 
Warrington, 

For a full description of the excavating machines above men- 
tioned, reference should be made in regard to 

(t) t» ■ Engineer,' 21 Sepi, 1BS8, p. 242 ; for illustiated detniplion, ' Coutmct 
Journal,' 17 July, 1889, pp. 77, 78. 

(2) to ' Engioeer ' SI Sept., 1888, p. 242 ; for illiuittatei] detcriptioD, ' CoDtnot 
JoDraal,' 17 Jul;, 1889, p. 77. 

(3) to ' Engineering,' June 8, 1888, p. 571) ; forillnatratad description, ' Contract 
Journal,' I2th end li«h July, 1889, pp. 7*8, 780, 

(6) ' Engineer," B I Sept. 1888, p. 242; 'Engineering,' June 29, 1888, p, 649; 
Ibr iUnttnteil de«crip1foD, ' Coutract Journal,' 26 June, 1H89, pp. 817, 818. 

(7) ' Engineer,' 21 Sept., 18E8, p. 242 j for illustmted dcBCription. 'Contract 
Journal,' 2<i June, 1889. p. B17. 
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Oood records of the work of Rostoii and Proctor's steam usttj 
^ve, with a amall bnoket (1^ cnloo yard capacitj), daring three 
ooDBecntiTe daje of t«D horns each, 385, 356, and 354 waggons, 
holding 4^ catnc yards each ; mth the larger buckets of 2J cnHo 
yards capacity, in same time, 423, 360, and 440 waggons, ihe 
ezcaTstion being in sandy day with a &oe of 22 feet. 

A bonna is paid to the workmen at each excavator, eo mnch per 
waggon when the number ezceeda a fixed quantity. 

Un fonr coosecntiTe days of ten hours each, the work of (6) 
the German excavator was 714, 736, 721, 732 waggons, and on 
one occasion the number was 765 ; of (7) the French excavator 
averaged about 600 waggons per day of 9^ honre, the greatest 
nnmber being 713. Both of these machines are however only 
fitted for soft material, the (1) Huston & Proctor's being m<»e 
generally serviceable for varying strata. 

For a list of the plant referred to, and their sizes, see ' Engineer- 
ing,' p. 325, October 5th, 1888. 

On some sections the work has been proceeded with day and 
night, the illnminant at night being the " Wells " light, which is 
somewhat similar to the " Lncigen " light, having a small hand 
compressor, which must be attended to occasionally. The pressure 
when renewed is 20 lbs. to the square inch, which gradually falls 
to 5 lbs., when it must be again raised. The light is obtained 
by driving the vaporised oil through the small orifi(» in the ignitioo 
tube, giving a fiame of ebont 2000 candle-power, produced from a 
cheap petroleum at a cost of 3d. pet hoar. 

The inspection commenced at Salford Docks. These will have a 
water space of 114i^ acres, quay space of 152 acres, and quay front- 
age of yOOO lineal yards. The work of building the dock wall had 
been well pushed forward, to effect which trenches had been out Foond 
the aide of the docks, in which the walls of concrete had been built 
before excavating for the dock proper. The total amount of excava- 
tion at these docks is about 5^ million cubic yards. Ihe height of 
the walls is 34 feet, the coping level beii^ 8 feet above the intended 
water level 

The walls are 17 feet thick at foundation, and 10 feet 6 inches 
at top, the face battoring 1 in 16. The ooacrete is composed 
as follows : for the foundations, six measures of gravel, two meaauree 
of sand, and one measure of Portland cem'int ; for the walla, 6ve of 
gravel, two of sand, and one of cement ; for the facing concreto, two 
of grave!, two of sand, and one of cement. About 700 tons of 
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cement are nsed per veek at this work. The concrete walling is 
built by an arraDgement of wooden shutters, which are worked in 
slides arranged Bgainst the dock side of the trench, abont 9 feet 
apart centres ; at the commencement the shutter is let down to tlte 
bottom, and the concrete filled up to top of shutter, when, after 
setting three te four days, it ia sofficiently hard to allow of the 
shatter being wonnd np for another course of concrete, about a yard 
each time, until the coping level is attained, which tekes abont a 
month. Granite fenders are introduced a little abore water-level, 
and a granite coping, 4 feet wide by 2 feet thick, completes to level 
of qnay. Meet of the concrete ia mixed by hand, and sent down 
tlie trenobee in shoots fixed in alternate bays of the timber settings. 
There are a few concrete-mixing machines employed (Garey and 
Latham's patent), each estimated te tora ont 20 cnbic yards per 
hoar. It is intwded te provide 50 hydraulic cranes on the quays 
of these docks, with lifting powers from 1^ to 20 tens. 

For the first 1 4 miles of its coarse from Manchester, the work of 
making the Canal practically resolves itself inte a straightening and 
deepening of the course of the river IrwelL From the Salford 
Docks near Manchester te Barton, a distance of abont 1 miles, the 
bottom width will be 170 feet ; below Barten locks, the bottom 
width vrill be 120 feet. 

The side slopes of the canal vary according te the character of 
the strata, and, except where the catling is in rock, will be pitched 
with sandstone (obtained on the works), with a strong toe at foot 
Where the strata is rock, the side slopes will be I in 6 te water 
level, and 1 te 1 above to top bank level ; in ordinary groond the 
slopes will be 1 te 1 thionghont ; in soft ground Ij^ to 1 ; and in 
soft wet groond 1^ te 1 to water level, and 2 to 1 abova (For 
type sections see ' Engineering,' 7th October, 1887.) 

The bottom of the Canal, throaghont its entire length, is below 
the drainage of the country it traverses, so that in many places 
where drainages are oat, syphons will have to be provided to bring 
them under the CanaL 

At Barton Aqueduct arrangemente vrill have to be made for 
the carrying of the Bridgewater Canal over the Ship CanaL It is 
proposed to effect this by means of a svring opening trough or 
caisson of about 90 feet in width and 27 feet in height from water 
level te vrater level Here also, parallel to the Aquednct, will be 
constructed hydraulic lifts, to raise and lower barges between the 



.V Google 



nrePsoiioN or thb k&kcbbstbb ship oanal vobzs. 63 

two narigatio&B.* The new Aqnednet will hnTe to be completed 
on the upper side of the old one, before tie latter oan be remoTed.t 
Jost below the Aqaednct is Bsrtoo Bridge, which will hure to be 
replaced by a awing bridge. Below this, again, will be the Barton 
Locke ; between theae and the Irlam Locks, a distance of abont 
3 miles, the caoal cnts through the rirer sereral times in its 
zigzag coQTse. 

Between the Barton and Irlam Locks, the special train was 
brought to a Htandstill, and the members were entertained to an 
excellent alfretco luncheon, generoosly provided by the contractor. 
At this stage the opportunity was taken to transact the formal 
business of reading and oonttrming the minutes of the previous 
Pistriet Meeting, and the re - election of the Hon. District 
Secretary. The President then proposed, in felicitone terms, the 
hearty thanks of the Association to l^e Chief Engineer, E. Leader 
Willums, Esq., M. Inst. C.E., for the facilities afforded of inspec- 
tion of the works, and to the Contractor, T. A. Walker, Esq., for 
the great kindness estaided to the Association in so generoaaly 
providing special means of transport along the works, and tor the 
excellent luncheon which the members had partaken of. I'his 
was seconded and cordially taken up by the members present. 
Mr. L. P. Nott, eon-in-law of Mr. Walker, and agent for Sections 
Nob. 8 and 9, Balford and Barton, who had accompanied the 
members up to this point, and explained the matters of interest, 
responded on behalf of Mr. Walker. 

About a quarter of a mile below the Irlam Locks, the first rail- 
way deviation occurs, which will neceesitato a considerable length 
of new bank, 6(J feet high, and a viadnct for four lines of way, to 
carry the Cheshire lines (Manchester and Liverpool Bailway) 
across the canal between Irlam and Flixton. The viaduct will be 
built at a height to give 75 feet clear headway above the canal, 
the ruling gradient of the line being 1 in 135. The bank was 
abont half constructed at the time of our visit. Just below this 
deviation, arrangements are being made for a lay-bye for the 
Manchester Corporation Health Depot. A little lower, at Farting- 
ton, amingementB will have to be made for a coal basin and tips, 
-with branch lines to the Q-Iazebrook and Stockport branch of the 

* Similar to the Anderion Lirt on the WesveT DaTtgatlou, deeoribed and 
illuitnted in ' Proceeding Init. C.E.,* vol sIt. p. 107, &«. 
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Cheehire Lines Bailway, which will also necessitate a Becond rail- 
way deTiation, similar to last described. There will be five 
railway deviations made. Abont two miles lower down, and ten 
miles from the Salford Docks, the Canal crosses the road at War- 
burton, where a swing bridge of 120 feet span will be erected to 
accommodate the road traffic 

Wherever roadB are cut by the Canal and the importance of the 
traffic on them does not warrant swing bridges, ferries will be 
provided. All swing bridges will be worked by hydraulic power. 

Jnst below this, again, at the time of our visit, attention was 
drawn to a landslip, of some 20,000 cnbic yards of soft ataS which 
had slipped in the night from the sonthern slope, and flowed right 
uid left into the cutting, burying in its coniBe a Roston and 
Proclot's steam navvy, and a number of waggons. Near here 
also several excellent geological sections were exposed by the 
cutting, the strata being the red and grey Eeuper shales, which 
were faulted and contorted in various directions; and here and 
fliere the beds were interspersed with layers of gypsum," 

At Tbelwall the river has been diverted into a new cutting, 
600 yards long, with a bottom width of 100 feet and a depth of 
20 feet, which is croesed by a neat suspension foot-bridge, 214 feet 
total span, centre span being 100 feet. The present ferry across 
the river will be b'ansferred to the new Carial. The excavation 
and banking for this diversion were carried out by means of horse 
and steam barrow roads, a repetition of which was seen in other 
sections of the work. The barrows are filled by men in the 
cutting, and one man is kept continually going up and down each 
set of planks ; these planks are inchned at an augle of 45°, and 
fixim the top of the bank to the bottom of the cutting measures 
about 40 feet. The barrow and man are raised up the incline by 
means of a rope drawn by a horse at the top, for the man could 
not walk up without having hold of the barrow, and when the 
barrow has arrived at the top the rope is loosed and the man slides 
down the incline with an empty barrow behind him ; by this 
means about 100 barrows an hour are taken np and down each 
plank. There were six of these horse roads and two steam barrow 
toads at this work. Each of the steam barrow roads took np 
eight barrows at a time, on a platform on which they are placed, 

* A wries of g«o1ogicftl aectionB, takoi at the Salford Docks and alio along 
the centre of the line of Oonal, about a mile apart, are to be found in 'Bngi- 
nesring," 17 Bept and 7 Oct 1887, pp. 300-306, 871-877, 88*. 
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the Bvetsge being 125 barrows an boar. (For UloBtration of Hob, 
Bee • Graphic,' 25tt Augnat, 1888, p. 217.) 

Kear here the contractor baa erected a brick-making plant, 
capable of turning oat a quarter of a million bricks per week, 
excellent day being obtained in the cuttings near ; the bricks 
being nsed for the piera of the mdnots of the railway deviations. 

Below this is the site of the Latohford Locks, the last bnt one, 
the other b^g at Eastham, near the entrance from the estoary. 
Between these two locks the Canal ia tidal 

Below the mte of the Latchford Locks is the third railway 
deviation, on tbe Warrington and Stockport line (London and 
North- Western Eailway), the viaduct and hank of which will be 
similar to those previonsly described. A new station will have to 
be bnilt at Latchford. 

Here tbe inspection of the Members of the Assocuatioi) ended. 
Train was taken here to Lymm, where the members dined together, 
tbe President, K B. EUiee-Clark, in tbe chair. 

The above report is the resnlt of observations taken by the 
author before and since the visit of the Association; bnt be also 
desires to express his obligations to the pablisbers of ' Engineering,' 
the ' Ckintract Journal,' and other periodicals, for many details 

contained herein. 
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DISTRICT MEETING AT HULL. 

June 22nd, 1889. 

Held at the Toon Sail. 

JosxPB GoBDON, Pad-Preaident, in the Chair. 

^^ 

The Mayor of Hull (Dr. Sherbnm) opened the proceedings by 
very cordi^y welcoming the Association to the town ; and enter- 
tained the company to luncheon. Visits to varioos works followed, 
after which the members retnmed to the Town Hall, where the 
following paper was read and discossed. 

MUNICIPAL ENGINEERINa IN HULL. 

By a. & WHITE, Assoa M. Inst. C.E., Bosodqh EMantsBs, 
Hmji. 

Aa this is the first occasion npon which the Association of Mnni- 
cipal and Sanitary Engineers have TiBited Hall, the following 
general partioolarB of the borongb may be of service. 

The estimated popnlation is 208,000, rateable valne 700,0001., 
and land area, since the extension of the boundary in 1883, 7901 
acres. Previous to the extension the population was 154,000, rate- 
able valae 687,000^, and area 3621 acres. 

The entire borongb is t^ flat and low-lying, and the average 
level of the streets, which are dmost withont exception somewhat 
above the natnial snriaoe level, is only abont 9 feet above Ordnance 
datnm, and as a mle the ground nearer the Hnmber is higher than 
that farther inland. The sab-soil consiBts of a stiff yellow clay to 
an average depth of abont 6 feet, below which are strata of silt 
varying more or less in character, also in most places a thin stratum 
of peat and often a quantity of running sand. Boulder clay is met 
with at depths varying &om 14 feet to 35 feet or more in different 
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parte of the borough. The upper cU; forma a good foundation for 
ordinnry bnildings, bnt for stractnres of a hearier character it ia 
nsnally necessary to go to the bonlder clay. 

The borongh is divided, by the river Hall and a line of docks, into 
three diatricta — (1) the Old Town, which was the portion formerly 
fortified, boonded on the soath by the Hnmber, on the east by 
the Eiver Hnll, and on the north and west by docks, which portion 
contains » popolation of abont 12,000 ; (2) the West District, 
■west of the Eiver HnJl and of the line of dooka referred to, oon- 
tunuig a popnlation of about 152,000; (3) the East Distnct, 
east of the Itiver Hnll, containing a population of aboat 44,000. 
The borongh ia further severed by five large open agricultural 
drains, flowing to the Eiver Hull or the Humber, from eifeneive 
low-lying districts north of the town. 

The works herein deacribed were iu all cases, except where 
otherwise mentioned, designed by and carried out under the super- 
vision of the Borough Engineer for the time being, and hia staff ; 
and for the purpose of indicating the position of the Author with 
respect to such works it maybe explained that from 1878 to 1884, 
he occupied the post of Chief Engineering Assistant, and from 1884 
to 1886 the post of Assistant Borongh Engineer, under bis able 
predecessor, Mr. J. Fox Sharp, M. Inst. G.E., and after Mr. Sharp's 
resignation, in 1886, was appointed Borough Engineer. 



Sewebiob. 

From the forgoing particulars it will be gathered that connder- 
able difficalties have to be contented with in the sewerage of Hull, 
The average level of the atieets, as etated, is about 9 feet above 
Ordnance datum, while in the Humber, to which the eewi^ flows, 
the level of high water of ordinary spring tides is 12 '37 feet above 
Ordnance datum, and the level of low water of ordinary spring 
tides 10' 10 feet below Ordnance datum; and under such con- 
ditions the inclinations of the main sewers are neceaearily very 
flat, and the outialls, where pumping is not adopted, are of course 
dosed for a conaiderable period each tide. As a rule the sewers 
are at least of sufficient size to enable men to enter for the purpose 
of brushing them out, where the inclination and flow of sewage 
are insufficient to render them self-cleansing ; and their large size 
assists in & rapid discbarge during the short periods that the out* 
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falls are not tide-locked ; and also enablea the seweiB, when the 
outfalls are cloeed, to act db a reservoir, if pamping is cot available, 
or if the quantity of water during excessively heavy rains is more 
than the pumps for the time being can deal with. 

A main sewerage system for the East District was carried oat in 
1854 and sabseqneut years, and for the West District in 1863 and 
subsequent years. Considerable additions have since been made, 
from time to time, to such systems. Dnring the past ten years the 
Corporation have expended the snm of 40,000/. upon new sewers, 
which have been constnicled ander various contracts, esctoBivo 
of Bcvrers incladed in the works specially mentioned herein, and of 
works of minor importance executed by the Corporation workmen ; 
and the Corporation are now applying to the I^ocal Government 
Board for sanction to borrow a sum of 7950^. for the construction 
of further worka of sewei-age. 

The whole of the West District within the old borough bonndary 
ia drained to one outfall, excepting a small area which, although 
connected to the main sewerage system, has also a separate outfall. 
'J'he main outfall sewer, which discharges into the Hnmber between 
the Wilhsm Wright Dock and St. Andrew's Dock, is 6 feet 6 inches 
diameter for a distance of 1900 yards, and although laid to an in- 
clination of only 1 in 3000 it keeps itself clear of any deposit of 
sewage matter. The area added to the borough on the wa-t side 
in 1883, which included the Local Board District of N^ewin^toii 
and a part of the Local Board District of Cottingham, is drained 
to an outfall 4 feet in diameter, discharging into the llumber 
within 33 yards of the main West District ontiall ; and since the 
borough extension, a pumping station, hereinafter described, has I een 
established to deal with the sewage of the main West District 
sewer and the Newington and Cottingbani sewer, including the 
sewage of the portion of the CotUngbam District not added to the 
borough. 

The present sewerage system of the East District, with the 
exception of a short length of sewer, all fulls to one point, and 
discharges into the Humber by an outfall 4 feet in diameter ; a new 
system of sewers, however, which is usually described as the East 
DiBTBioT AND Stonefbrry Drainaoe, b now in course of con- 
struction, and will, when completed and connected to the existing 
B) stem, not only drain portions of the borough which cannot be 
drained by gravitation to the present sewers, but will also provide 
an improved outfall for the entire district. 
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The Corporation hare been aatborised to borrow the sum of 
39,000?. for the East District and Btoneferry Drainage. Of this 
Bum 20,000^ has already been expended, and the norks nnexecuted 
are now proceeding nnderfonr separate contractB. The new onttall 
will be to the east of the Alexandra Dock of the Hnll and Bamale; 
Bailnay Company, in the face of a nrer embankment oonstrnctAd 
by the Company a few years aioce ; and its level will be 10 feet 
below Ordnance datum, or practically the same level oa the three 
existing ontfalls already mentioned. The outfall sewer is 6 feet (i 
incLee diameter, with an inclination of 1 in 3000 for a distance of 
700 yards from the Hmnber, and almost tbe whole of such length 
(being through made ground, or through what was until recentl; 
the foreshore of the Hnmber) is intended to be constructed of caat- 
iion pipes supported upon piles, as shown by lithograph, p. 82. The 
pipes are flanged and jointed in the manner shown by enlarged 
detaiL A strip is cast npon the face of each flange at the oater edge, 
so that a space of three-eighths of an inch is left between each pair 
of flanges when bolted tc^ether, and such space is calked from the 
inside with iron cement. In laying the iron pipes considerable diffl- 
cnlties have been enconntfired, in consequence of the nature of the 
ground and of the water flnding its way into the trench each tide ; 
about half the intended length of pipe has, however, now been 
snccessfully laid. 

The remainder of the sewers, excepting two E^hons under agri- 
cultural drains, are all of brickwork, varying in size from 6 feet 
diameter to 3 feet 3 inches by 2 feet 2 inties, egg-shaped, with in- 
clinations varying fron 1 in 3000 to 1 in 450. The length of sewei 
from the outfall to the most distant point is 4 miles, and the total 
length, including branch sewers, 6 miles, of which about 4 miles 
have now been constructed. The brick sewers, 6 feet 6 inches 
diameter, and 6 feet diameter, are in 14-inch work. Those 5 feet 
diameter and the egg-shaped sewers, from 5 feet 6 inches by 3 feet 
8 inches, down to 3 feet 6 inches by 2 feet 4 inches, were all in- 
i«ndcd to have been in 9-inch work, but in constructing some lengths 
of the larger sizes through bad ground it has been found necessary 
to use an additional half-brick riug on the invert. The sewers of 
the smallest size, 3 feet 3 inches by 2 feet 2 inches, are in 4^inch 
work. Cradling composed of 1-inch deal boards on elm nbe, as 
shown by seddons of 6-feet brick sewer, has been largely used 
ander some of the deeper sewers ; and in the case of these works, as 
well as in previous works in the borough, such cradling has been 
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found a cheap and efficient meana oi Bapporting the brickwork, 
where the natare of. the ground bae rendered Bome rapport neces- 
aary. One tidal gate is provided at the ontfall, and a penstock and 
two farther tidal gatea 670 yards from the out&ll, where it is 
intended ultimately to erect a pnmpiug station. Hanholes, with 
ventilating gratings, are constructed at intervals of 100 yards, 
and provision for flushing the main sewer will be made near 
the highest point. 

The 6 feet 6 inch iron pipes are being supplied under a contract 
with the Stanton Ironworks Company, Nottingham; and the 
laying of ench pipes, and the construction of the brick sewers are 
being, or have be^, executed by tbe following font firms of local 
contractors, viz. : — The Executors of Joseph Pearson, Mr. T. B. 
Mather, Messrs. Simpson and Malone, and Messrs. Turner and 
Sangwin. 

Street WoaKB. 

Most of the streets ia Hull are macadamised, including some of 
the main roads which, so far as economy is concerned, it would be 
mote advantageous to pave. A number of the less important 
streets in the older portions of the town are paved with cobbles; 
about 12 miles of streets are paved with granite setts ; and there 
are about 11,000 square yards of wood pavement in the borough. 
Portions of the cobble pavement and macadam are being replaced, 
from time to time, with granite or wood, and during the past ten 
years the Corporation have expended the sum of 60,U00Z. upon 
street paving works executed under various contracts, in addition 
to work carried out by their own workmen; and they are now 
applying to the Local Government Board for sanction to borrow a 
sum of 28,700^. for paving. 

The Gbanitb Pavement recently laid is formed chiefly of Aber- 
deen granite setts 3|^ inches by 6 inchee. The foundation consists 
of 7 inches of cement concrete, 8 to 1, on which the setts are bedded 
in fine gravel or sand and cement, mixed in the proportion of 5 to 1, 
and the joints are racked with floe shingle and run with ssphalte. 
The present cost of this pavement is about IO0. per square yard, 
but in some cases a smaller sett is used, at a somewhat lower price. 
Until recently it was the practice to use lias lime concrete, 6 to 1, 
for the fonndation, and to bed the setts on gravel, but the present 
mode of executing the work is found to be more satisfactory, and the 
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extra ocst is small in a town like Hnll, where Portland cranent is 
manoTactnred, and where lime is sabject to a heavy carriage. The 
paved streets are formed with a camber of from 1 in 30 to 1 in 36 
(according to width) from the average level of the channel to the 
crown, and are nsnally channelled with 8-inch hj 6-inch graoitA, 
and CQrbed with 6-iiich by 12-inch granite edge cnrh, on concrete 
fonndation. The footways are flagged with 3 -inch Torkabire tooled 
flags, with a fall of &om 1 in 26 to 1 in 30. 

The Wood Pavbkbmt most recently laid is formed of redwood 
blocks, 3 inch by 9 inch by 5 inch, creosoted with 12 Ibo. to the cuWc 
foot The fonndation consists of 7 inches of cement concrete, 6 to 
1, iaced with ^-inch cement and sand, 3 to 1, worked to a smooth 
and regular surface, upon which the blocks are laid withont any bed- 
ding material. Spaces of three-eighths of an inch are maintained 
between the courses by laths f inch by j inch laid on the foundation, 
which spaces are radced with fine Single and run with asphalte 
to within 1 inch of the surfece and the remainder of the joint is run 
up with cement grout, mixed in the proportion of 1 of cement to 
2 of sand. The c(»t of the last wood pavement executed in this 
manner, viz. that laid in St. John Street towards the end of 1888, 
waa lis. 3d. per yard, but similar pavement was laid at 8>. 6(2. per 
yard in 1887, when wood was cheaper. 

In 1886, Albion Street was paved partly with creosoted and 
partly with uncreosoted blocks, the beat blocks being picked out 
and laid without creosoting, and np the present time there is no 
^tparent difference in the wear of the creosoted and uncreosoted 
portions. The earliest wood pavement pnt down in Hnll was of 
beech and elm, laid in 1875. Numbers of the blocks in this pave- 
ment decayed before wearing out, and the whole bos now been 
renewed with redwood, excepting portions of Whitelriargate and 
Silver Street, which streets are to be repaved during the present 



For the purpose of determining to what extent, so far as cost 
is concerned, it is desirable in this borough to snbstitute granite or 
wood pavement for existing macadam, and of assisting in deciding 
between the respective merits of granite and wood, the author has 
prepared estimates of the annual cost per square yard of main- 
taining the three descriptions of material, including interest upon 
first cost in the case of granite and wood. 

Assuming that the pavement is carrying a trafGo such as would 
necessitate a road macadamised with whinstone being backed up 
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and coated twice pei aniiam, the followmg aie the works eetimated 
for in the caae of gtanite, viz : — 

1. d. 

Firstooct 10 peryaid. 

Id 11 yean rata; hair the area at If. 9.1. .. .. 10| „ 
„ 22 „ redrew and nlsy half the area at 

3t.9d. 1 101 » 

n 83 „ relay half the ares at If. M. .. .. 101 « 
„ a „ lediera and relay balf the area at 

8i. M 1 lOj 

„ 6S „ reUy half the area at li.9d 10} „ 

„ 65 „ tedresa and lelay half the atot at 

St.9d. 1 101 - 

„ 75 n renew the whole, and thereafter maiutaia aa before. 

The sum of 3& 6d. per yard is safficieot to prodnce, at 3^ pw 
oent compoQiid interest, the amoonte required for maintaining and 
renewing ua above, exclnsire only of the first cc^-, 

ABenmii^ the traffic to be as before stated, the following are the 
works estimated for in the case of wood pavement, viz : — 



First ooet 10 per Tord. 

Maintenance, taken ta equal to renewing on old 
ibaadation every 10 years at 7 „ 

In addition to the first cost, the capital amount required to 
jvodnce 7». erery ten years at 3^ per cent compound interest is 17b. 

The following are the estimates of the annual cost per yard of 
the three deechptione of material — granite, wood, and macadam — 
based on the forcing figures : — 

Obahit*. 

d. 

Interest on fliat ocnt, lOf. at 3} per oent 4} 

Amount to provide for malatenaiice, 3*. 6ii. at 3| per oent. .. 1} 

Anna al ooat per yard 5} 

WOOB. 

Interest on first <MBt, lOf. at 31 per oent 4} 

Amonet to provide for malDtenance, 17f. at 31 pei oent . . 7 

Annual cost per yard llj 

Magadan. 
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Oorresponding eatimaties for the three maferialB nndoi a trafBc 
such as wonld neoeBBitate a coating of macadam once per annnm are 
as follows : — 

GBAKTnr. 

d. 

lDtereEt<mflrstcoBt,][)i.AtS} percent 4) 

MaiateiiBTioe | 



Annual coat per yud 



Wood. 



Interest on first ooet, 10*. at 8i per ctnt 4) 

Haintenance 3j 

ADnmal cost perTud 7{ 

UiCADAH. 

One cmting, pel jsrd 5 

If scavenging were taken into consideration it wonld make the 
foregoing estimates considerably more nniaTonrable to macadam. 

New Stbbbts laid ont for building purposes in this borough are 
constructed to a width of 40 feet, wiUi footways 8 feet wide. The 
carriageway ia formed of— (1) a foundation of hard chalk atone, or 
other suitable material, 8 inches thick, broken to sizes not exceed- 
ing a 4-inch cube and properly rolled ; (2) a 2i-inch coating oC 
granite, or other similar stone, broken to pass through a 2^inch 
ring, rolled and set with a proper quantity of binding material ; 
and (3) B 2^incb coating of wbinstone, broken, rolled, and set in a 
similar manner to the previous coat, and finished with a camber of 
1 in 24 from the average level of the channel to the crown. The 
last coating of macadam is usoally omitted until the greater portion 
of the street is built up. The channelling consists of self-fecad 
Yorkshire stone, 10 inches by 6 inches, laid in gravel on chalk founda- 
tion, and the footways are curbed with 5-inch by 12-inch tooled 
Yorkshire stone, also laid m gravel on chalk foundation, and flagged 
with 3-inch tooled flags. Kew streets, when completed in this way 
(the top coating of macadam excepted), are taken over by the Cor- 
poration and declared pablic highways under the 146th section of 
the Public Health Act, upon the owners paying the estimated cost of 
the coating of macadam tmi of maintaining the street for 12 months. 

In coDseqnence of the practice of taking over new streets as soon 
as constructed, the uumb^ of Pbivatb Iupboveuskt Wobes in the 
old portion of the borough has of late years been comparatively 
small ; but a number of streete have recently been made, or are now 
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in band as Private Improvemeats Works, ia the areas added to the 
borough in 1883. Such streets are constrai-ted in a mannei simi- 
lar to that described for new streets, unless there be some special 
reason for using sett pavement for the carriageways, and are taken 
over as pubUc highways when completed. 

Febbt Boat Book and Viotobia Pies Improvement. 

This improvement was carried out in 1881 and 1882. The 
best mode of dealing with the dock and pier was s matter which 
had been discussed for many years, and plana for a number of schemce, 
much more elaborate and costly than that finally adopted, had at 
various times been submitted to the Corporation. The principal 
features of the scheme carried ont were the widening of Nelson 
Street (which rune parallel with the outer portion of the pier), by 
the construction of a new river wall about 200 yards in length, 
and the filling in of a poriiou of the dock ; the improvement and 
partial re-constrnctioa of the Victoria Pier ; the construction of a 
raised promenade over a portion of the pier and a portion of Nelson 
Street ; the diversioE of the main outfall sewer of the Old Town, 
by the construction of about 400 yards of new brick seweia ; and 
the paring of Nelson Street 

The river wall consists of a bank of chalk-stone rubble ; &ced 
with timber piling and planking, tied in to back piles by iron tie- 
rods. The greater portion of the Victoria Pier was removed and 
replaced by new work, including the whole of the upper timbers, 
and the decking was renewed in 7-inch by 4-inch calked planking. 
The raised promenade is carried by 76 cast-iron columns, and 
decked, in a similar manner to the pier, with calked planking, 
resting upon timber joists and girders ; aud is approached b; two 
flights of steps Irom Nelson Street. 

The contract plans for the work, 14 in number, were photolitho- 
graphed, and copies supplied, together with copies of the specifica* 
tion and quantities, to the contractors who proposed to tender, 
llie whole of the works, except the paving, were carried out by 
Messrs. Storty and Jagger, Hull, and the cost, including paving, 
was 19,600f. 

BxrcsB DEsmnoTOB. 

Tn 1882, the Corporation erected a Fryer's Eefnse Destructor, 

with six cells, at a cost of 3100/., including the necessary building 
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adjoining and over the cella, and a chimney 180 feet bigb, but 
exclusive of the value of the site. There is nothing calling for 
special remark in the constmction or working of the destructor. 

Sewaob FnuFiHa Station. 

As already stated, a sewage pumping station has been provided 
for the West District of the borough, dealing with the sewage of 
the main West District sewer and the Newington and Cottingham 
eewer. Sach pumping station is about 370 yards &om the outfalls 
into the Hnmber, and from the site plan on the lithograph, p. 8 i, 
may be seen its position with reference to the sewers named, also the 
lines of the new sewers which have been constructed, leading to and 
from the pumping station. 

At low tide, the sewage flows to the Humber by gravitation as 
before, and when pumping is necessary the sewage is still discharged 
by one or both of the old outfalls. Two tidal gates and a penstock 
have been fixed on each of the old sewers, between the points of con- 
nection of the sewer leading to the station and the return sewer 
from the pumps ; and while ptuuping is proceeding the tidal gates 
are of coarse closed, and the length of sewer outside them is under 
pressure, varying with the rise and fall of the tide in the Humber. 
When the tide is low enough to allow of a discharge by gravitation, 
the tidal gates are open, permitting the sewage to flow direct to the 
Humber withont passing the pnmping station. 

There are three compound pumping engines of the vertical, 
inverted, direct-acting type ; each capable of discharging 10,000 
gallons per minute, or 14,400,000 gallons per 24 hours, when 
working at the maximum speed of 20 revolutions per minute. The 
cylinders are 18 inches and 30 inches diameter respectively, vrith 
4 feet stroke, and the high-premure cylinders are fitted with vari- 
able expansion gear. Each engine works two donble - acting 
pumps, 30 inches diameter and 4 feet stroke, one pump being 
plac^ beneath each cylinder. The maximum lift is 20 feet ; but 
as the pnmps have only to work against whatever head of water 
there may be in the Hnmber, the lift varies with the state of the 
tid& A surface condenser is fixed on the delivery pipe from each 
pair of pnmps, so that the whole of the sewage pumped is passed 
through the condenser. 

The boUers are of the Cornish type, four in number, each 26 feet 
long and 6 feet diameter, with S feet flue. Steam is sapplied at a 
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preesote of 80 lbs., and each boiler is capable of working one engine. 
A G-reen's Economieet, for heating the feed-water, is fixed on the 
line of the fine, between the boilers and the chimney. 

The form of the bnildings will be seen from the lithograph, p. 82. 
The foundations of the pnmp chamber are carried into the bonlder 
clay to a depth of 32 feet below the gronnd-level, and formed of 
cement concrete 6 to L The walls of the chamber are of brick- 
work in cement np to the le*el of the engine-house floor, and are 
sapported against the lateral pressure of tlie earth by a heavy 
fiamework of cast-iron girders and strnte, fixed at a level about 
midway between the base of the wall and the snrface of the 
ground. The bnUdings are faced nith white stock bricks, with 
Pately Bridge stone dressings. 

A tell-tale, designed by 1^ author and manufactured by Messrs. 
W. H. Bailey and Co., Salford, is placed in the engine-house. Snch 
tell-tale is worked by gearing and spindles from the engines, and 
by fioats and platinum wires from the smnp and delivery well, and 
shows at a gluice the level of the sewage in the sump, which is the 
same as that in the adjoining sewers ; the level of the sewage in the 
delivery well, which practically corresponds with that of the Humher ; 
and also the head against which the pumps are working. The tell- 
tale, further, antomatically records the above levels on a roll of paper 
driven by a clock throughout the day; and indicates the time at 
which each engine is started and stopped, and the number of revo- 
lutions worked. To make the instrument more perfect it is intended 
to attach to it a rain-gauge, which will automatically record, not 
only the daily rainiall, but also the quantity falling within any 
given time. 

The engines, pumps, boilers, £c., were supplied under a contract 
with Messrs. James Watt and Co., Birmingham ; who, together 
with a number of other firms, submitted their own designs in 
accordance with a general plan and specification supplied to them. 
The foundations, buildings, and sewers were executed by Mr. A, 
W. Stanley, Hull. . 

The cost of tlie pnmping station was as follows : — 

£ 

Eogines, pumps, boilers, Ac. S229 

Found stioDs, bmldingg, and Moera S873 

Other anndry works 1243 

Costofeite 8085 

Total £21,430 
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The pampiug station was commenced ia Febmary 1883, and 
formally opened in Jane 1884, and has worked very snccasafnlly 
Bince lliat time. 

The average volume of sewage pumped in dry Wflather is about 
7000 gallona per minute, or at the rate of 10,080,000 gallons per 
day, which is well within the power of one engine ; on rare occa- 
sions, however, during excessiye rains, the Tolume is considerably 
{greater than all three engines can properly deal with. Ag a rule 
the pumps are worked for S hours eoch tide, but dnring heavy 
rain the time is eitended. The working staff consists of C men, 
3 of whom are on duty ench tide. 

The annual working expenses, eiLclusive of repairs, are approxi- 
mately &i follows ; — 

£ 

Waaea nf Staff .SIS 

Ci."l«, 650 tons best Snuth Yorkaliiw, nt I0». 2d 8)0 

Uil, mort'i, water, giiB, &a i:<0 

Tolnl £{r7i 

DrYPOOL BniDGE. 

This bridge, which crosses the Kiver Hull, connecting the Old 
Town and the East District, was suuctioned by the Hml (Drypool) 
Bridge and Improvement Act, 1885; an Act obtained by the 
Corporation after a severe and expensive Parliamentary contest. 

ITie width of the river where the bridge has been consttacted is 
180 feet, and the total length of the bridge IM7 feci Of tbis 
If ngth a short portion at the east end is fixed, and the remainder 
movable, swinging on a turntable supported by six cylinders sunk 
into the bed of the river to the west of the main channel. Two 
additional cylinders, standing to the east of the channel, carry the 
west end of the fixed portion, and also support one arm of the 
movable portion when the bridge is open for road traffic. 

Short lengths of river wall have been constructed at the ends 
of the bridge. These walls are composed of cement concrete, 
6 to 1, faced with Bramloy Fall ashlar ; and are carried upon piles, 
15 feet long, driven 4 feet into the boulder clay, or to a depth 
of about 40 feet below high water level. 

The cyUnders are of cast iron, 8 feet diameter at the base, dimi< 
nbhing to 5 feet at a height of 18 feet above tbe base ; and were 
sunk in the usual way, by excavating from the inside and weighting 
on the top, to a depth of 45 feet below high water, or about 20 feet 
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below the bed of the river. "When Bnnk they were filled with 
cement concrete, 5 to 1, and each tested with s load of 200 tons. 
The six main cylinders carry heavy caat-iron girders, over which 
works the turntable, consistjng of 21 tamed cast-steel rollers, 
2 feet diameter, tied in by wronght-iron radins rods to a central 
pivot, and running upon a turned caat-sf«el roller path, fixed to 
the caat-iron girdeiB. The npper roller path is also of turned 
cast a^l^, and ia fixed beneath a massive framework of wroaglit- 
iron girders, carrying the main girders of the bridge. 

The main girders are of an open treltia constractioD, 163 feet 
4 inches in length, and of a maximum depth of 19 feet, and, as will 
be seen &om the hthograph, p. 82, their outline is somewhat nnueual. 
The two anna of the bridge are of unequal length, the long arm 
over the main channel of the river measuring 108 feet 4 inchee 
from the centre of the turntable, and the short arm 55 feet, 
and the difference in the weight of the two is counterbalanced 
by 140 tons of cast iron stowed at the end of the short arm. 
The top and bottom booma of tlie main girders are of inverted 
trough section, built up of plates and angles ; the number of plates, 
both at the top and sides, varying at different points, to correspond 
with the varying strains. The vertical and diagonal members are 
composed of channels, tees, and flat bars of different sections. The 
end bays of the short arm are cased in to receive counterbalance, 
and the aides of the casing are ornamented by panels bearing the 
arms of the Admir^ of tlie Eumber. 

The main girders are 20 feet apart, centre to centre, and the 
carriageway is constructed between them on cross girders, 7 feet 
3 inches apart, fixed beneath the main girders. The carriageway 
ia formed of a layer of 6-iuch grooved and tongued pitch pine 
planking, laid longitudinally and bolted fa) the cross girdera, and a 
layer of 3-inch creosoted redwood planking, fixed diagonally on the 
pitch pine. The 3-inch planking is calked and made watertight, 
and upon it are fixed wronght-iron bars for wheel-tracka, and elm 
battens for horse tracka. Footways are formed, outside the main 
girders, of 3-inch planking, carried on the projecting ends of the 
croBB girders. The extreme width of the bridge is 35 feet, and the 
weight of the movable portion is about 480 toua 

The fixed span at the east aide of the river is constructed of two 
plate girders, with cross girders and planking similar to those of 
the movable portion. 

The west approach has been formed chiefly on the site of a 
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varehonse, which was purchased and removed by the Corporation 
for the pnrpOBe. The east approach is formed by a streat which 
previonsly^ existed, bat which has been raised to meet the level of 
the bridge. Botii approaches have been paved with granite. 

The bridge is turned by two hydraulic rams, each 17 inches dia- 
meter, and 4 feet 3 inches stroke, fiied to the oast-iroQ girders be- 
neath the turntable, and worked by power obtained from the Hull 
Hydraulic Power Company, at a pressure of 700 lbs. per square 
inch. Hand gear is also provided for nse in case of emergency. 
In closing, the ends of the bridge run np adjustable wedges, 
and are locked automatically on reaching the proper point. The 
working levers for the rams and for releasing the locking gear 
are arranged bo as to be controlled by one man Btanding near the 
centre of the bridge; and the principal duties of two other 
tnen who are in attendance are, to stop the carriage and foot 
trafGc, and to assist vessels in passing. When the bridge is open 
for river traffic, a clear waterway of SO feet exists between the 
fenders. 

The bridge is designed to carry a rolling load of 25 tons on foor 
wheels 7 feet apart longitudinally and 6 feet apart transversely ; 
together with a load of 40 lbs. per square foot on the carriageway, 
and 120 lbs. per sqoare foot on the footways ; and the main span 
was tested by passing a roiling load of 30 tons over it, while 135 
tons of iron were stacked upon it. 

The strains upon all portions of the stmctnre were carefully 
gone into before the preparation of the contract plana. The strains 
upon every member of the main girders under all possible conditions, 
were computed by the graphic method ; separate series of diagrams 
being nsed for — (1) strains dne to dead weight while tiie bridge 
is swinging ; (2) strains due to dead weight and full distributed 
lire load, with the TolUng load at various points, while the bridge 
is supported at the ends ; and (3) strains dne to dead weight and 
rolling load, together with varions portions of the distributed lire 
load. 

The contract plans, 13 in nnmber, which show almost every part 
of the work in detail, were hthographed fall size, and copies supplied, 
together with copies of the specification and quantities, to the con- 
tractors who proposed to tender. The ironwork and woodwork of 
the bridge, and the timberwork of the fenders, were executed by 
Messrs. J. Bntler and Co., Btannlngley, near Leads, and the river 
mills and approaches by Mr. T. B. Mather, Hull. 
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The cost of the works, esclnsive of Parliamentary eipeuees, com- 
peusatioD, and porchaBe of property, has been as follows : — 

£ 

Ininwotk, &a 12,102 

Bivcr wulls and approacht* 5,682 

Uth<ii milks 76B 

Total i;iti,550 

The works were commenced early in 1887, and the bridge was 
formally opened in September 1888. 

StEIOELASD BtBBET FoOTBRIDaB. 

This bridge, wbich is now in coarse of coostraction, is to cross 
the goods line and sidings of the North Kastem fiailway, to the 
north of the Albert Dock, its object being to afibrd an additional 
means of access to the qnays of snch dock. 

The bridge is in one span of 'Z02 feet d inches, supported at 
the ends by brick piers, constructed on piled foundations ; and ia 
approached on the north side by a bridge already constrncted over 
the Hnll and Bamsley Bailway adjoining, in addition to a flight of 
steps from a footpath between thel railways, and on the south side 
by a flight of steps from the dock qnay. 

The main girders are of the bowstring form, 21 L feet 9 inches 
long, and 16 feet deep at the centre, carrying between them, on 
rolled joists, a planked footway 6 feet wide. The booms of the 
girders are of channel section, composed of plates and angles, and 
are connected by diagonal bracing of angle iron and flat bars. The 
south end of the girders will rest npon rollers, to allow for expan- 
sion and contraction. 

The bridge, so far as its general outline is concerned, is copied 
from a bridge of Uie North Eastern Kailway Company at York, 
but the stnuus and details have been independently computed and 
worked out. 

The works are being executed under a contract with Messrs. W. 
Itichards and Sfflis, of Leiceeter, and the contract sum is 1574Z. 

BniD0£8 OTEB AoBICULIDBlL DbAIKS. 

As (dready stated, the borough is severed by Eve large agricul- 
tural drains, and over these the Corporation have found it necessary, 
irom time to time, to erect bridges. Several wrought-iron girder 
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bridge^ of a epan of 40 feet and & width of sbont 40 feet, have 
beea erected dnikg oompaiatiTely recent years, in addition to other 
bridges of smaller span constracted of brickwork. 

The bridges, 40 feet span and 40 feet wide, have coert from 
2000!. to 25002. each. 

Another bridge of similar dimensioiis, which is now abont to be 
constructed over the Bannston Drain at Fountain Road, is lepre- 
Bentad by a lithograph {see p. 82). The abntments are of oement 
concrete, resting upon the booldar cUy and faced with brickwork 
where exposed to view, and the drain is spanned by fire wionght- 
iroQ plate-girders 44 feet long and 3 feet deep at this centre, carry* 
ing a platform of Lindsay's or Westwood and Baillie's steel troughs 
nnder the carriageway, and cnrred plates nnder the footways. 
Sncb trongha and cnrred plates are levelled up with concrete, npon 
which wood pavem'^nt is laid for the carriageway and flagging for 
the fiwtway. The piers and parapets are constracted of brickwork, 
terracotta, and masonry. The bridge is desigaed to carry a rolling 
load of 25 tons. 

SSSSIOMB COUBT AND FbIBONBBS' CeLU. 

I«st year new cells were constmcted fm prisoners awaiting trial 
at the Sessions Court and Police Coort, adjoining the Town Hall 
To obtun the requisite space for such cells, a portion of the Session 
CoQi-t, which was prcTionsly an unusually large court, was cut off, 
but even then it was necessary to construct the cdls in three tiers, 
one above the othw, to provide the required number. There are 
eight cells in each tier, twenty-fonr in oil, each cell measuring 
7 feet by 4 feet by 11 feet 6 inches high, and intended to accom- 
modate one prisoner, but capable of accommodating two or three 
in case of emergency. The Sessions Court has been completely 
re-arranged and re-seated, but the decoration of the court stiil 
remains to be executed. The work has been carried oat, under a 
contract, by Mr. W. Sanderson, Hull, at a cost of 1415A 

Public Latatobies. 

The Corporation have recently erected a small public layatory 
in Scale I^e; and it is intended shortly to erect a larger and 
much more complete lavatory in St John Street. The estimated 
coet of the latter building is 1400/. 

o 
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A number of other works of considerable importance, bat wbich 
cannot be mucb more than mentioned in the preseDt paper, have 
been executed by the Corporation of late yearn. 

In 1885, 1886, and 1887, a sanatorinm for infections diseases 
was erected ; and two additional blocks have been added to the 
establishment during the past twelve months. 

In 1885, 1886, and 1887, two new parks were laid ont; the 
West Park, containing 32 acres, at a cost of lO.OOOZ. exclusive of 
land ; and the East Park, containing 52 acres, at a cost of 20,200^ 
exclnsiTe of land. 

In 1887 and 1888, a new cemetery, containing 27 acres, was 
laid out, at a cost of 5100Z., ezdosive of. land, or at a total cost of 
18,500/. 

In 1885 and 1886, two small branch police stations were bnilt 
at a cost of 2360/. exclusive of the value of the sites. 

In 1886 and 1887, a market-hall was erected in Qneen Street, 
replacing the old shambles, at a cost of 23,000/. The plans for 
this work were prepared partly in the Borough Engineer's office, 
and partly by Mr. W. A, Gelder, a local architect, and the works 
were carried out under Mr, (Jelder. 

The Corporation have also had in hand a number of street 
improvements, the most important of which, the Hessle Boad 
Improvement, has already c»st 21,400/. and will probably cost 
an additional sum of 4000/. before completion. 

Very important works have also been carried out^ under the 
Waterworks Engineer, in connection with the Corporation Water- 
works ; and an additional pumping station, with three engines, 
each capable of pumping three million gallons per 24 hours, is now 
being erected. 



The Aathor, in conclading, desires to acknowledge the valuable 
services rendered by his Assistant Borough Engineer, ATr. F. W. 
Bricknell, Assoc M. lost. G.E. ; his Chief Engineering Assistant, 
Mr. W. Oxtoby, Assoc. M. Inst C.E. ; and his Chief Architectural 
Assistant, Mr. T. Woodhonse, who, in their several capacities, per- 
formed important duties in connection with the design and execution 
of most of the works described ; and who prepared the plana which 
have been reproduced and attached to this paper. 
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Mr. Mawsky : I am sure we are very mncb indebted to 
Mr, White for the very kind way in which he has received ns, 
and for the very excellent paper wliich he has read. It is 
impossible for tis to go away from a large town like this with- 
ont carrying some extra knowledge with ns. Some time ago, as 
yon know, I took a great interest in Hnll, and therefore perhaps it 
is more interesting to me than to many of yon to come here, 
I bare very great pleasare in meeting Mr. White here, and 
hstening to his valnable paper. I should like to mention one 
or two things, and I believe that Mr. White will accept them in 
the spirit they are mada I should be happy to see him eaccessfnl 
in ibhe town. I do not think we can find a more difficult town to 
dnun than Hull, which is bo low and flat — the average level of the 
etreets being only nine feet above Ordnance datum, while the level 
of high water at ordinary spring tides is abont twelve feet above 
Ordnance datum. Mr. White has told us that the sewers are 
flushed regularly, aud he also mentions that they send men into 
the sewers to dean them out when necessary. They have, it 
eeemfl, been succesaful in getting a very fair gradient— one in 300O, 
which is very fair for a 6-foot 6-inch sewer. From the high water 
marks one might think they might do more in flushing instead of 
spending so mncb manual labonr in the sewers. I have no doubt 
at all that Mr. White has very carefully calcnlati-d the strength of 
the iron pipes he has laid in the most treacherous ground. It did 
occur to me that it would have been safer, not only to have em- 
bedded them in concrete, but also to surround them vrith concrete. 
I have in two instances seen 6-foot pipes fractured with the weight 
of earth when not bo protected. The pumping station of the West 
District is certainly a very fine piece of work, and the engineering 
staff of this town is to be very much congratulated on the way 
in which that work has been carried out. I need not go into the 
details of the work, for we talked it over on the spot I notice you 
are going in for a great expenditure in street paving. I ehould 
like to know to what extent you are going to adopt wood paving. 
We are now laying a tremendous amount of wood paving in York ; 
everybody is crying out after it, and I am rather afraid of carrying 
it to a very great extent in streete where the traffic is heavy. I 
should like to know your views. I am surprised that you bare 
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notjoed no differencs between creoeotod and oncreosoted blocks. 
We found in York that the wood pavinga put down a few years ago 
— before I went there — is roiton already, and it was not creoeoted. 
The Corporation also laid aome oreosoted wood pavement twelve or 
fourteen years ago, and it looks as if it had a life of five years 
more. 5-inch wood paving has cost us on the average lOs. — the 
last we have put down cost dn. 7d., made up of Id. for hacking 
np, 28. for cement concrete, 6s. for wood paving, if sot oreosoted, 
aad la. extra for creosoting. We intend to creosote everything we 
put down. I am ratlter surprised that Mr. White does not go in 
for concrete paving in HulL Yon have cement on the spot, and 
you have not to pay carnage like we have ; and yet we find, as 
well as in the Midlands, that it pays to put down cement concrete. 
We have some extensive pieces down, and we believe it is going 
to last quite as long, if not longer than flagging. It costs us 
3& 6(2. 01 38. Id. per yard, but we put it down according to the 
best of our knowledge. We pat hard rubbish under it, and then 
it comes much cheaper than ordinary flagging. The Drypool 
swing bndge we have ail had a very great treat in inspecting. 
Not only Uie bridge itself but the magnificent working of the 
bridge, fmd the deUils of it have been carried out in an exemplary 
manner. Mr. White tells me, that instead of punching the holes 
in the ordinary way, every hole has been drilled so that the rivet 
shall fit exactly. There is one thing it would be very interesting 
to know, and that is whether the Home Department sanctioned 
cells so small as those some of them had seen in connection with 
the Sessions Court. Those cells are very emaU. We have been 
getting out designs for the Law Courts in York, and we have 
gone in for notbmg so small as this, for we have been given to 
understand that the Home Dquirtment would not sanction it Of 
course I understand that priaonere are there only temporarily — 
waiting for trial — and not there week 1^ week. 

Mr. Gaubls : The paper speaks so much for itself that there is 
not much left that we can criticiBe, bnt as an amateur photographer, 
and one who has spent some considerable trouble in the meehuiical 
reproduction of photographs, I should like to compliment Mr. 
White on the way in which the paper is got up. I am sore it is 
quite a treat to see the photographs so well taken and so beauti- 
fully reproduced. I don't wish to appear greedy, bnt I think if 
a small map of Hull had beeii attached, we should have had one 
of the most complete papers I ever cams across. In the paper 



it is stated tliat the CorpontioD take over new Btreeta under 
the 146th section of the Public Hettlth Act before ihe; are macad- 
amised. I sappoee this is to keep clear of the 152nd section, and 
the result of the West Ham case, in which the judge aaid that 
roads must be paved and covered with metal before they would 
be taken over, I suppose in Hull all are taken over by agree- 
ment. In the lithograph of section of the chimney at the pumping 
station there is no internal Hue shown. Does Mr. White think 
they will be able to do without it ? That is all I have to Bay, 
except that I am very pleased to be here to-day. 

Mr. Brown : I have two or three questions which I should like 
to ask Mr. WhitcL Has he tested tiie bricks nsed in the sewer 
with wat^, OS to the amount they will al»orb ? EiJome bricks 
abecab a great deal. Anchor question is respecting the ventila- 
tion system adopted in the town ; whether he relies wholly on 
anr&ce grates or whether he has any up-cast shafts. Then 
Mr. White gives the proportion of ooucreto asStol; isitSto I 
of stone, or is it a mixture of stone and sand, and if so, what pro- 
portion ? The advisability or otherwise of iron sewers in Hull 
has also been referred to, but if Mr. White baa erred at all in this 
matter, I think be has erred on the right sida I should also like 
some information respecting the pavings which are referred to in 
the report. These are rather important The next thing is that 
aspbalte is mentioned ; is it pitch and tar, or is it asphalte ? We 
often get led astray by the term aspbalte. With respect to the 
pointing in the sewers, I should like to know if it was designedly 
omitted or whether it was an oveisight. I noticed that the 
brick sewers were not pointed at all in the inside. 

Hr. WiEE : I should like to ask Mr. White a qnestion about the 
bridge which he has designed. He says that he has made pro- 
ridon for a rolling load of only 25 tons. Does he think this is 
sufficient? The other day I had an excessive load in SheSSeld — 
about 45 tons. I was told that this was a trifie, as last yesr a 
casting was moved which weighed 150 tons. I do not suppose it 
went over a bridge, if it had I would not have given mncn for 
the bridge afterwards. Then as to granite setts, I represent a 
town which has streets with very steep gradients indeed. Some 
of the gradients of the streets are from 1 in 12 to 1 in 14 or 15, 
and there are serious complaints aboat the slippery state of t^e 
granite setts. We have tried various kinds of granite, and they 
are all found so slippery that we have had to go back to the 
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gritstone pavement. Bat that ia very soon worn ont, and I sKonld 
like to know Mr. White's experience as to the slippery nature 
of Monnt Sorret granitt>, and if any other granite has been used 
in Hull of a lees slippery character. With reference to the private 
streets— in constructing macadamised streets, Mr. White says 
that the coat is 2^ inches thick, made of macadam which will 
pass through a 2i-inch ring. I think it will be rather difficult 
to get that thicliness with 2|-inch material 

The Chairman : I am very relnctant to interfere with discnssioD, 
but I think the Associatioa has very rarely had each an elaborate 
and carefully-prepared paper, dealing with so numy subjects, at any 
of its meetings. Almost every speaker has mentioned his indebted- 
ness to Mr. While, bnt the Uthograpbed drawings attached to bis 
paper are altogether unique in the history of the Association. I 
believe I am right in saying that they are drawings which cannot 
fail to he of service to the Association. We have been somewhat 
tardy in printing our ' Proceedings,' and in illustrating our papers, 
but 1 ehall certainly, as a member of the Council of the Association, 
whenever we come to deal with this paper, advocate every drawing 
which Mr. While has prepared being inserted in the ' Proceedings.' 
if the funds at our disposal will admit of it. They will form 
a record far more valuable, probably, than even onr discossion 
here to-day, to the members of the Association, who are large 
in numbers as compared with those present to-day. What we are 
now saying, will go forth in the ' Proceedings,' and as members of 
the AsBOciaticm we have now to deal in a professional spirit with the 
paper just read. I think Mr. White will take any remarks which 
have been made by previous speakers, or which may be made 
by myself, in the spirit in which they are intended, and will 
appreciate them as being made with a view to obtaining all 
the information pos^hle. He baa already been flooded vrith 
queetions, and 1 think we can scarcely expect him to reply to them 
all here to-day. Bnt if time does not permit, or if he feels that 
he can do it better hereafter in writing, so that it can go into our 
' Proceedings,' I am sure we shall all be glad to have the gneetions 
as fully answered as he may be able to find time to do it. The 
object of the questions is to give the fullest information possible on 
so elaborate a paper. The diversity of subjects touched npon is so 
great that I shall certainly not attempt to deal with them all, but 
there are natarally a few things that strilte one in reading the 
paper. I can quite understand that Mr. White felt some diffidence 
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in elaborating the paper too mnch, becaoae it would have been 
somewhat unwieldy if he had gone into great detail, but atill I 
think it would have been nsefnl to havo Bupplemeoted with certain 
information varioos pointB. Take for instance the question of 
sewerage. What occurred to me in looking at that out&ll, 6 feet 
6 inches in diameter, was this, seeing that it has a gradient of only 
1 in 3000, what is the area that it is intended that sewer should 
drain, nnd what amount of rainfall is it supposed that it will pro- 
vide for over the drainage area ? I shonld like to have known this, 
because there is a great diversity of opinion upon the sizes of 
sewers in varions towns. I do not suppose that any fast rule can 
be laid down for all towns — they mnat be dealt with upon their 
merits and according to the circumstances of the purticular case — 
but if I remember aright that sewer is . for the eastern part of the 
town, llie paper gives the population of the East District as 44,000. 
That population, ordinarily speaking, would not occupy a very 
large area, so that it may be that the sewer provides for a very 
large quantity of rainfall, and then when we come to the pumping 
station which we saw, we have there three sets of engines, each 
capable of deahag with 14,4UO,00() gallons per day. There again 
I should like to know what area the engines are supposed to 
deal with ? I'heee, I think, are for the western district ot the town, 
where the population is 152,000, without the area being given. 
We have very heavy showers to deal with sometimes, and i think 
it would be next to impoaaible in such sewers to deal with a very 
heavy rainfall I believe something has been said to the effect that 
these tbree engines had been overpowered on certain occasions. 
That would not surprise me, but at the same time the difficulty 
arises whenever you cannot get an outfall by gravitation, and, 
therefore, whenever we have an example we ought to have the 
fullest information thereon we can get. I shall be very glad 
if Kr. White wiU supplement his remarks as to rain^ in any 
way he can- The inclinations of the sewers, the paper states, vary 
from 1 in 450 to 1 in 3000, and I think Mr. Whito tolls as that 
they are self-cleansing, and are made so large that a man can get 
into them to cleanse them. Bnt the paper does not toll ns 
whettier there are any finshing arrangements for cleansing them 
other than by manual labour. I should like more information on 
this point, because it is a very vexed question as to what gradient 
is self-cleansing. If sewers of 1 in 3000 are selfi-cleansing in Hnll, 
and we know aU the circumstances, we can form an opinion as to 
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whether that gradient in another place would also be likely to be 
self-deanaing. We have known man; cases of sewera with better 
gradients than 1 in 3000 which hare not proved Belf-cleanmiig. 
Probably the more nsnal mle now being adopted ia to take some- 
thing like a fair average Sow of the sewjige, and to get a gradient 
which, according to the size of the aewer yon are going to lay 
down, will give yon, at any rate, something like 2 feet per second. 
That has, I think, been proved fairly well to be a self-clesuaing 
velocity. If this gradient then, with an average flow of sewage, 
gives B velocity of 2 feet per second, I can understand it being 
self-cleansing, but I have known sewera, even 1 in 1500, which have 
not kept themselves clean ; that is, they have silted np, for 
various reasons. Then, as to the vwtilation, the paper states, 1 
believe, that the manholes ute 100 yards apart, and I think it has 
been said that the manhole covers are open. I should like to 
know if there have been many difficulties here with open covers, as 
there have been difBcnltiee in other towns. If you had self- 
cleansing sewers well constructed, and your private drainage 
equally well carried out, I am very strongly inclined to the 
opinion that open grange ought not to be a noisanoe. Never- 
theless, in many towns, they have had to be closed, and shafts 
substituted for them, and therefore it wonid be well to know 
whether or not there have been any difficulties in Hull. As to the 
various kinds of roads, I cannot say that I can see why Mr. White 
should have taken the view of the case set forth in his paper. 
It certainly does not seem to me to be quite the way in which 
it is usually done by other people. It is here stated tJiat granite 
pavement costs only 5^d. per yard per annum, wood pavement 
11^., and macadam lOd. per yard per annom. In the first 
instance, we have granite pavement at a first cmt of lOs., and 
when we come to the wood pavement, Mr. White aeema to take 
it for granted that the firat cost of wood paving at 10s., will 
require renewing every ten years at a cost of 7s. If he can do 
that in Hull, he will be more fortunate than any town I know 
o£ Bat I think Mr. White has not made oat a case anything 
like bad enough against macadam. The cost ia put down as lOd. 
per square yard ; bat remember, on the same basis as the other 
pavement, yoa most add to this 3^ per cent on the original 
outlay. There ia a general impression on the part of the 
anthorities that a macadam road is very much cheaper, simply 
because it costs very much less in the first instance. In Leicester, 
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we can make a macadam road at a Hist cost of from 3s.to3g.6d. 
per square yard, bat in Hull I enppose it will cost yon something 
like 58. If the stone costs 98. Gd. per ton, I cannot qnite see how 
the muntenance is to be done for lOd. per sqnare yard. In 
other words, I make ont that macadam would cost la. 2d. per 
sqnare yard, so that macadam is much more costly than anything 
else 1 know o£ Coming to the Drypool bridge which we have seen, 
I most say that I think every possible praise is due to Mr. White 
for the very excellent manner in which the work was carried oat. 
I think it does Mr. White and hia staff very great credit indeed. 
There are several bridges of that kind, of course, thronghont the 
country ; but, bo far aa I know, I think this will hold its own 
agunst any of them. Tbea, I wish we had more information 
about the refuse destructor, because there seems to be a wrong 
impression on the part of many anthoritiee as to the cost of 
destroying town refuse. Therefore, statistics on this point would 
be very asefnl and much appreciated. The pnmping station which 
we saw, I think we were all very pleased with. • The engines, so 
&ir as I understand engines, are well designed, and I think the 
work altc^ther is exceedingly well carried out. I am surprised to 
£nd that Mr. White has been so Bocceesfnl in keeping out the 
ground and subsoil water, with the measoree he has adopted. I 
think this would generally be found very difficult under like 
drcmnBtances, and it is pleasing to see that he has been sao- 
cessful in making his fonndationa so water-tight as they are. 1 
think it woold have been well if we had a summary of the cost of 
these and other works daring the last few years. Mr. White 
tells OS that since 1885 a sanatorium for infections diseases 
has been erected, and two new parks laid out ; also that in 1887 
and ISSS, a new cemetery was laid out, and in 1885-86, two 
small branch pohce stations were built. I am sorry that we have 
not had time to see the market ball. All these things show that 
the Association ought to have visited Hall long before this. I 
hope it will soon come again, and that the members will flook 
here in much greater numbers on another occaaon. I have, as I 
said before, much pleasure in being here, and Mr. White wUl, I 
am sure, understand that the questions that have been asked have 
been pat for the purpose of gaining information. We have 
present here to-day, the Waterworks engineer, and we shall all 
be pleased to hear any remarks from Mr. Bruce. 

Mr, B. J. E. Bbdos : I only knew a few days ago that you were 
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going to have yoar meeting here to-AAj, and therefore I have not 
prepared mnch to lay before yoa. If I had had Bome notice I 
shoald have been very glad to ha?e read a paper on onr water- 
works, becanae I think they are of very great importance. Ab 
the time is advancing, IMr. President, I might just Bay that I think 
it might not be naiutereating to the Aseociation to have a brief 
account of the Hull waterworks. Prior to 1844 the water for the 
supply of the town was obtained from springe rising to the 
surface of the ground at Springhead, situated abont 2^ miles 
west of Hull. The volume of these springs proving insufficient, 
works were established at Stoneferry, on the river HuD, at the 
ontskirte of the town, with a view of drawing water from that 
river, and after filtration adding it to the spring water for the 
supply of the inhabitants. These works were completed in 1846, 
and remained in operation until ISSi^, when the nver water 
was shut off, and borings made at Bpringhead with satisfactory 
resnits. The springs issue a little above the ordinary level 
of the river Humber, and are located at the foot of the eastern 
glacis of the Yorkshire wolds, which stretch about 20 miles north- 
wards, and contain au area of water-be-tring chalk of over 400 
square miles. At a depth of 175 feet from the surface in one bore- 
hole, and at a depth of 235 feet in another bore-hole quite contignoua, 
a bed or seam of flint nodules 12 inches in thickuesj was pierced, 
and a yist increase of water obtained. The fact of the bed being 
reached at a difference in level of 6J feet in two bore-holes only 
40 feet apart, shows that a dislocation existed between the two. 
To this circnmstance, and to the fractured character of the rock 
which accompanies all dislocations of the kind, may be attributed 
the abundant supply of water, amounting to four million gallons 
per day, which had up to this period been obtained. From 1S65 
to the present time nine additional bore-holes have been sank within 
a mdius of f of a mile, with headings connecting the same to con- 
trolling shafts, and the yield of water has been increased to abont 
seven million gallons in 24 hours. With a view to further augment 
the supply to an extended districtand increasing popniation, the Cor- 
poration obtained Parliamentary powers in 1884 to erect a pnmping 
station, on land acquired for the purpose in the parish of Cottingham, 
about four miles north-west of Hull, some little distance from the 
foot of the wolds. This land inclades the site of the springe 
known as the "Mill Dam Springs," which have yielded about 4^ 
million gallons per day of excellent water. The underground 
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work was completed a short; time ainoe, and the engiae-honse build- 
ings are in an advanced state. The machinery is now apon the 
ground, and I anticipate that this third pnmping station will he in 
operation towards the end of this year. I should be glad if the 
members of the Association could spare time to visit our pumping 
stations, which I am sure wonld prove interesting, I think next time 
yoQ visit Hull you ought to give us at least two or three days, 
because we have numbers of works of very great interest. In such 
a case as this yon have really too much to grasp in a short time. 
I am very much obliged to Mr. White for inviting mo here to-day, 
and I thank you for hearing me this afternoon. 

The CHAiKif AN : We must be very much obliged to Mr. Bruce 
for giving us this information about the waterworks of Hull, and I 
think he has rightly inferred that if we ever come to Hull again, 
we might take it for granted that we shall have a very hard day's 
work before us. So that, I think, we shall have to make two days 
of it. I should like Mr. Brace and Mr. White to lay their heads 
together and see if they cannot get the annual meeting of the 
Association to come to Hull, and then we shall have three days of 
it< I shall be very pleased if Mr. Bruce ^vill allow his description 
of their waterworks to go into our ' Proceedings.' If Mr. White can 
supplement his paper by giving the information sought by those 
who asked questions of him, I think it will be very greatly appre- 
ciated by the members of the Association. 

Mr. Cbuhuaok : 1 should hke Mr. White to go into details 
respecting the macadam. Macadam is not a cheap thing for 
paring the roadways, and he puts down 1 Od, per yard for twice 
coating. As far as I can gather, one coating will cost about 9d., 
and if you add the interest spoken of by yon, it will bring it np to 
lid. for one coating only. 

Mr. Whitb : Mr. Mawbey has referred to the strength of the 
iron piping of the ontMl sewer. As to this matter I may say that 
I am perfectly satisfied as to the strength of the piping, and its 
ability to withstand any weight that may come upon it ; and I do 
not think we can improve its foundutions. As to the wood pave- 
ment which we have laid without creosoting, I do not think we 
should have so laid it if it had not been of exceptionally good wood. 
We considered it good enough to be put down without creosoting, 
but as a rule I should certainly creosote the wood. The plans for 
the prisoners' cells were submitted to the Home Office and approved 
by them. We bad bat little space to spare, but I certainly think 
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the cells are qmte Bofficienti for the purposes for which they are 
intended ; they are only for priBoneiB awaitii^ trial, and are 
nevet oconpied daring the night Mr, (Gamble has referred to the 
taking over of streets, made hy private owners, before their comple- 
tion. I think we are qnite right in taking orei the streets, mider 
the section I referred to, before they are completed, also in taking 
over macadamised streote. Streets made as Private Improvement 
Works, under the 150th section of the Pablio Health Act, I am 
aware, cannot be taken over nntil completed ; bnt I think we are 
actdng legally in making them as macadamised roads and taking 
them over when made. This is a point which was discussed at the 
meedng in York aboat twelve months ago, and the Town Clerk of 
York then gave na his opinion on the subject, which was to the 
effect that the streets might be macadamised, and it has been our 
practice to macadamise and not to pave them. Mr. Brown has en- 
quired as to what extent the bricks used in our sewerage works are 
found to be porous. We have never te6t«d them for the purpose 
of determining this ; but have never found any quantity of water 
come through thein. As to the invert Uod^ it is always the 
practice in this borough to make them of ordinary sewer bricks, 
and I think the blocks so made are preferable to stcmeware blocks. 
Mr. Brown has also enquired whether the old 6-fbot 6-inch ontfall 
sewer keeps itself clear of detritus. It does not keep itself perfectly 
dear, although no large amount collects ; hot I do not think it is to be 
assumed from this that a sewer of the same size, laid to an incliua- 
tion of 1 iu 3000, would in all cases keep itself practically clear. 
As to ventilation, with few exertions open gratings are used on 
the manholes throughout the boraugh, which, as a rule, are 100 
yards apart. On some of the old seweis they do not occur so 
frequency. We occasionally have complaints of fumes &om the 
Tentilators, and sometimes are obliged to put on a dose cover, but 
we avoid patting on close covers as &x as poenble. The number 
of eompliuits as compared with the number of vmtilatora is very 
small In some cases, where a surface ventilator is objectionable, we 
carry a ventilating shaft up an adjoining building. As to the 
proportions of coarse and fine materials used for concrete, the 
proportion depends upon the nature of the material, and it 
is my practice to specify that the' quantity of small material 
diall be 8u£Scieat to fill ttie interstices of the large. The asphalte 
referred to is ordinary pitch and tar boiled iu the usual way. 
Bespecting Mr. Wike's remarks as to the strength of the 

DolzeclbvGOOgle 



Urypool Bridge, I think it was mmecesaarf to provide for a 
greater load than 25 tone, althongli we Iiave bad loads in this 
borough reaching 45 tons. In tiie Fonntain Road Bridge the 
girders are too far apart to allow backled plates to he osed between 
them, and it is therefore proposed to adopt steel troogbing. In 
Beveral other bridges in the borough bnckled plates are need. For 
paving, we chiefly nse Aberdeen granite, which I think givee as 
good foothold as any granite obtainable. Some streete are paved 
with Welsh granite, which is found very objectionable, on acconnt 
of its slipperiness; and we have alec some other deecriptione of 
granite which are more or lees objectionable for the same reason. As 
to the size of the macadam, 2^ inches is the maximnm measarement 
of the BtaoB, and there is no difficulty in getting snch stone on with 
a thickness of 2} inches. The President baa referred to the drain- 
age area of the new 6-foot 6-inch ont&Il sewer, but I cannot now give 
that area. The President has also referred to the size of the sewer, 
but in the case of Hull there are special conditions which render it 
desirable that the sewers should be mnch larger than necessary 
nnder ordinary circnmetanoes. In the first place, they are tide- 
locked, and the oatlete are uncovered for only a few honrs each 
time, and it is necessary that they should be of snfficient size to 
discharge a large quantity of water in that short time. As an 
example of a sewer of insofficient size, we have only to go to our 
present East District ontfoll sewer, which is 4 feet diameter. 
Daring and ofier heavy rains the water sometimes stands at a con- 
siderable h^ht in this sewer for several tides in succesaioQ. Even 
if yon have a pumping station, it is still, I contend, desirable that 
the sewers should be large, for, as the Chairman has pointed out^ it 
is practically impossible to provide engine power to deal with every 
rt^nfoU, and a considerable storage capacity is therefore necessary. 
A large sewer is the best form of reservoir you can have for contain- 
ing sewage, as it will cleanse itself when it has an opportunity of 
running, and I think that, nnder the circnmstances, the new sewer 
is not larger than it is desirable to provide for an increasing district. 
As to flushing arrangements, we flush from the docks, and also from 
the agriculluml drains which flow through the town, and cleansing 
by hand is executed chiefly in sewers which we have no means of 
flushing. In the estimates comparing the cost of granite pavement, 
wood pavement, and macadam, the first cost of the macadam is 
intentionally omitted, as the estimates, as stated, are prepared for 
the purpose of determining to what extent it is desirable in this 
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boroQgh to Bubstitate granite or wood parement for existing mac- 
&dam, and tbe first cost of macadam, therefore, does not affect the 
matter. Befening to iir. Grummack's lemarks as to the coet of 
coating macadamieed roade, I ma; point oat that the thickness of 
new stone provided for in the cost of 5d. per yard is much less 
than that which would be nsed upon a new street, and where a 
large quantity of stone is osed the cost might be considerably more 
than 5d. In some cases where a road is hacked np and rolled for 
the parpose of removing in'egnlaritiea from the snrftice, only a small 
quantity of new stone is needed. The paving loan for which we 
are now seeking sanction is all for granite paving, excepting one 
street which it is proposed to pave with wood. The Works Committee 
of this Corporation are very much opposed to putting down any large 
quantity of wood pavement, on account of the cost of maintoiance. 
Totes of thanks were un&nimonaly accorded to Mr. White for 
bis arrangement of the meeting, and to Mr, Gordon for presiding. 

In the course of the day the Members and Yieitora proceeded to 
the East District and Stoneferry Drainage, Hedon Road, invpecting 
the great brick tewer & feet in diameter, and the eaet-iron sewer 
6 feet 6 inches in diameter. The Alexandra Docks, hanging to 
the SuH and Bamsley BaUwatf Company, were next visited, under 
the guidance of the Company's Engineer, Mr. R. Pawley, as well 
as the Drypool Smng-brtdge, of 80 feet dear ^an, over the River 
Hull, which was opened and dosed in the presence of the party. 

The West Distrid Pumping Station was n«rf visited, and from 
thence the company proceeded to the West Docks, finally viewing 
Strickland Street Foot-bridge, of 200 feet span, now in course of 
coTUlru^ion by the Corporation ; and thence returning to the 
Town Sail, where Luncheon was served, under the presidency of 
Mr. A. E. White, the Borough Engineer. 
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ANNUAL MEETING IN PORTSMOUTH. 

July 4tta, 6th, and 6th. 



ADDRESS OF THE PRESIDENT, 
a p. BOULNOIS, M. Inst. C.E., Boboooh Enoisbbe, 

POBTBMOTJTH. 

Gbktlbiieit, — In taking the Presidential chair of this important 
AeBociation, allow me ta tender yon mj most sincere thanks for the 
honour you have conferred npon me, and to assure you that all my 
best endeflTours will be used during my year of office to further 
the interests of the Association to the utmost of my energy and 
ability. 

When I look back upon the nam^ of the gentlemen who hare 
preceded me during the eixtoen years of the existence of the 
Association I feel that the task I have undertaken is not easy of 
accomplishment I shall, however, endeavour by every exertion in 
my power to maintain the high position which this Association now 
holds, and if it ia possible by any efforts that I can make, and vith 
your assistance, to still farther raise it in the estimation of the public, 
reet assured that I will strive to do so. 

In looking through the fourteen back volumee of our ' Frooeedinga ' 
no one can help being strodk with the mass of work which these 
Tolomes repreemt. ftnd what & valuable library of professional 
reference they fonn. 

Tear after year papers have been prepared and read by members 
of oar Association, who have but httle ^re time for the purpose, 
and these papers are admirable in every way, and have been written 
upon subjects which have been deeply interesting to the members, 
and which cannot have failed to advance ns in sanitary knowledge 
and skill. 

In searching throngh these fourteen volumes I find that no less 
than fifty-six papers have been read and discnsaed upon the general 
subject of drainage and npon qnestiona connected with the disposal 
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of sewage ; all these papers contam moat important and valnable 
information, and are, nearly all of them, baaed upon the personal 
knowledge and experience of the writers, and in many cases are 
descriptiona of works which have been carried oat &om the designs 
and onder the superintendence of (hose members who prepared and 
read the papers. 

Upon subjects connected with sanitary legislation, and the 
working of the Fnbhc Health and other Acts, bo far aa they affect 
ibe town engineer or snrreyoi, twenty-seven papera have been teed, 
and thoroughly and ably diecnssed. 

Upon that Tery debatable and much disputed qnestion, the v&a- 
tilatioD of sewers, five papers have been read, which contain aome of 
the beat and most reliable information that has ever been published 
upon this all-important subject. 

Fifteen papers have been read npon the question of the water 
snpply of towns, which give descriptionB of existing waterworks and 
valuable details in connection therewith. 

The lighting of streets both by gas and electricity, baa been dealt 
with in ten papers, many new points having been given and mneh 
information afforded either by the papers or the discnssion which 
followed. 

There have been Gtteea papers npon streets and their constmction, 
including such anbjectsaathemakingofroadwaya, the proper paving 
of footpaths, steam rolling, stone breaking, wood pavements, asphalt, 
and (he like. 

Upon house dramage and the sanitation generally of the dwelling 
house, thirteen papers have been given to the Aasociaticai. 

The construction of street tramway lines of numeroos descriptions 
has been considered in seven papera, and there have been seventeen 
papers upon the following miscellaneons subjects, auoh as the dis- 
posal of house refuse, street watering, the construction of quays, 
canals, and bridges, infections diseases, hospilala, both on land and 
- afloat, psbho parks and pleasure grounds, public baths and wash- 
honsee, telephonic commnnication, electrical fire-alarms, and other 
Bubjecta of a most interesting character. 

In addition to these, eigbteen papers have been read and discussed, 
which gave the most minute descriptions of all kinds of public ^orks 
which had been carried out in the towns which were then being 
visited by the members of the Association, and these works were 
afterwards visited and thoroughly criticised, 
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These figures give a total of 183 papers which are recorded in 
the foarteeu Tolniaee of our 'Proceedings' to which I haye referred, 
in addition to many visits which have been paid from time to time, 
by the members to various interesting works all over the country 
at our Diatrict or Annual Meetings. 

Non I venture to think, gentlemen, and I bdieve you will agree 
with mn, that this is a most creditable record of some of the varioos 
works upon which we are engaged, but at the sama time, this record 
falls far short of any adequate description or epitome of the real 
amonnt of useful work which is daily and hourly being carried out 
by members of our profession throughont the conntiy, both on a 
large and small scale. 

In order to show yon hoto far short this record fiJls, I have 
only to lay the following facts before yon. 

There are upwards of 1000 gentlcmeu in this country who are 
eligible for enrolment amongst as as members, and yet yon have 
jnst heard in the Eeport of the Council that we number only 371 
members. A still further cause for regret is, that out of those 371 
members only 71 of that number have contributed all the papers 
which I have enumerated to you. 

Alay I tliea, under such circumstances as these, arge upon yon 
all to do what you can in the future to spare a little time for the 
purpose of preparing suitable papers to lay before us ; and also 
may I urge upon you the desirability, and even necessity, for each one 
of us, if we can, to induce our brethren in the profession who ane 
e]i<,ible for election, to become members of our Association as soon 
a.a possible, and thus derive its many benefits. 

There still remains a vast storehouse of knowledge, to be gained 
only by constant wort and experience, upon most of the subjects 
which I have enumerated to you as having been dealt with at onr 
meetings. 

We all only too well know and feel bow far off perfection wo 
still are in an adequate knowledge or in a solution of many of the 
great sanitary problems of the day. 

The question of the profitable disposal of water-carried town 
sewage still remains unsettled. 

The most effective method of sewer ventilation is still an active 
bone of contention. 

Whether we shall have public and private lighting by electri- 
city, or remain contented with gas, has by no means yet been 
settled either by experts or by the vax poptdi. 
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It is still a debatable qnestion whether wood oi aepbalt makes 
the best anrface wherewith to cover our roadways. . 

The practical working of many of the elaases of the Pablic 
Health and other sanitary Acts is not all that conld be dcBired, 
and there are not many sections of the comprehensive Public Health 
Act, 1875, which conld not he well discnsseil at considerable length ; 
and, in fact, there is no lack of subjects for papers which could come 
before us as an ABSociation, if members will only be good enough to 
furnish them. 

The above subjects are only a very few out of many which might 
well engage pur attention, and many others will no doubt strike the 
members who are present, such as the abatement of the smoke 
nuisance, and the consequent diminution of thick fogs — a very 
difficult problem to solve without a considerable alteration in the 
habits of the people. 

The avoidance of that irritating and injnrious noine caused by 
the great traffic of our streets ; whether to be cured by improved 
pavements or improved wheels and horses' shoes, or both, or neither, 
time will show. 

The better honsing of the working claeses has still a futurC) 
notwithstanding the great strides that have been made in this 
matter daring recent years. 

That unoBtentatious but necessary work, the collection and dis- 
posal of house refuse, is by no means at present perfect, and 
improvements in this direction can well be mada 

The present arrangement for the laying of gas and water mains 
under our streets is by no means satisfactory, as we unfortunate 
"road-menders" only too well know. And the removal of the 
unsightly and sometimes dangerous overhead telephone and tele- 
grapb wires to beneath the roadways or footwalks will not be 
satis&ctory unless special means are provided to avoid the neces- 
sity of breaking up the surface for repairs or connections, &c. 

The rapid growth of these necessities of civilisation, and the 
addition of hydraulic pressure mains, steam pipes from central 
stations, and the possibility of gaseous fuel similarly laid on, will 
before long necessitate legislation in this direction. 

These and the application of wind and tidwl power, aud many 
other subjects which will no doubt occur to you, are questions 
which might well be discussed by this Association, in addition to 
those whidi bear directly upon the daily detail duties of our 
professional work. 
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Speaking for a moment npoa the eabjecte which will engage the 
attention of your Cotincil dnting my year of office, yon bare 
already heard in their Eeport certain mattera which have been 
dealt with, and which will still have to be constantly before 
them. 

Unr examinations for Pass Certificates are, I believe, daily 
growing in popular &vonr, and the proposed regietiation of the 
Association can bat add to the value of these certificates, gained, as 
they have to be, by candidates who have to pass a most rigid 
eiamination npon subjects of an engineering and sanitary 
character. 

The careful watching of any Bills before Parliament which are 
likely to affect us as an AsBociation, or individnally in our pro- 
lesaional positions, wiU be the duty of your Coancil, and the locus 
standi which will be given us by the registration of the Association 
will greatly assist us in these efforts. 

The report on the ventilation of sewers which has been neces- 
sarily so long in abeyance, will, I trust, make considerable progress 
before the next Annual Meeting, and many other matters in con- 
nection with the prosperous working of the Association will receive 
oar best attention. 

It has been the custom occasionally for the President of this 
Association in his Inaugural Address at the Annual Meeting to give 
a description, more or leas extended, of the works of his own 
district, but on this occasion I shall ask yon to allow me to depart 
from this custom, as I feel that such a description would be of 
more value at a District Meeting, when there would be more time 
than there ia at our disposal to-day, and when the paper could be 
fully discussed, which b not customary with an Inaugural Address. 

1 hope, therefore, at some future time to welcome you again to 
Portsmouth, when I should be able to give yon a paper setting forth 
the details of the working of this large borough. 

Our proposed visit to H.JI, dockyard to-morrow will be rather 
a new departure from the usual description of visits made by this 
Association, but I can assure the members that we shall see and 
be able to examine machinery and implements of a most interest- 
ing description ; and though we are men of peace, and our duties 
lie in the preservation of life and health, we shall learn a very 
great deal by the study of this machinery and those implemented 
which are constructed and maintained for widely different. 
purpoes. 
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I believe that this Aseociation of irhidi to-^y I have bad the 
honour of being elected President, is daily advancing in strength 
and importance, and that the branch of the profession to which we 
belong is daily growing in popular favour and esteem. 

As the strength of a oommuDit; is made np of the strength of 
its individual members, may we one and all strive collectively and 
individually, by our daily advancement in the arts and sciences, 
and by the integrity of onr conduct and attention to onr duties, to 
advance the profession to which we belong, and the best inteteets 
of this AsBociation. 
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THE RELATION OF LOCAL AUTHORITIES 
AND THEIR SURVEYORS TO IMPROVE- 
MENTS IN THE SANITARY ARRANGE- 
MENTS OF EXISTING BUILDINGS. 

Br FRANCIS NEWMAN, C.E., Bobotoh Enoinbeb, Rtdk. 

Ih treating of this Bnbject I believe I am dealing with a branch 
of onr work on which a special paper has not been previouslf read 
before the ABSociation. 

We have, however, had instractive papers which have had some 
reference to the Rnbject. One, which occurs to me aa one of great 
interest, was that read by Mr. Spencer at Newcastle, on " Inspect- 
ing and testing the sanitary arrangements of houses." I do not, 
however, propose to deal bo mnch with the engineering side of the 
qnestioQ, as with the methods of procadnre of local authorities in 
the enforcement of proper sanitary arrangements in existing bnild- 
infjB, and the duties of their surveyors in reference thereto ; I should 
add that whilst I do not expect to contribute any increase to the 
knowledge of the members on such subjects, I hope my paper may 
be the means of eliciting the experience and opinions of others on 
the details of a portion of our work in which the practice in differ- 
ent localities is not so uniform as is the case with many parts of 
our duties. 

I find it necessary to refer first to the practice vrith reference to 
drainage and other arrangements in new buildings, because in 
these the procedure is much more systematic, the model bye-laws 
promulgated by the Local GDvemmeDt Board having been gener- 
ally adopted by local authorities, and the sections with reference to 
sanitary arrangements representing generally the accepted opinion 
of the great majority of sanitarians; and the control is more 
effective, as the surveyor is able to insist on facilities being afforded 
for inspeoting every part of the work whilst it is in progress, and 
before any essential portions are covered up. 

In new buildings the surveyor can enforce a definite system of 
drainage, and particular arrangements for ventilation and diBCon- 
nection, as well as specific apparatus for water-cloeetB ; he has not 
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to coDTince aDyoce that his opinion on sanitary pnnciples ia correct, 
bat has merely to enforce the esecntion in & workmanlike manner 
of the work as described in the bye lawa ; on the other hand, in 
reference to exieting huildings, we have to show that the arrange- 
mentu provided "are not sufficient" or that the premises are, 
owing to each arrangements, *' in snch a state as to be a unisance 
or injorioos to health, " and in the generality of cases to convince 
magbtrates of the soundness of our conclnsious. 

I presume the sections of the Fnblic Health Act under which 
sanitary authorities most frequently deal with the arrangements of 
existing buildings are : — 

23. " Power of local authority to enforce drainage of andrained 

honses." 
36, " Power of local authority to enforce provision of privy 

accommodation for bouses." 
91 to 103. Dealing with nuisances. 

The work empowered to be done under sections 23 and 36 may, 
in default of compliance with notice, be executed by the sanitary 
authority, and the cost recovered from the owner ; but proceedin<iB 
in reference to the nuisance sections are more cumbersome, and 
defects that can only be dealt with by those sections are frequently 
of the greater importance. 

I am disposed to think that dillereat localities are differently 
circumstanced in reference to sanitary arrangements of existing 
houses. In many of the smaller towns situate on permeable strata, 
so sewers existed nntil after the general adoption of earthenware 
pipes for bouse druns, and in these cases brick or rubble stone 
house drains will be unknown ; but there are many towns eitnate 
partly on permeable and ^partly on impermeable bods, which have 
always, since the population acquired an urban character, bad 
sewers of some kind or other, and where the sewers have been 
gradually changed from brick and 'rubble" stone constructions laid 
on no system, to sewers of the modern type ; and even in these 
cases new house drains have not been enforced immediately after 
the new sewers have been constructed, and consequently the branch 
dr»ns are of varions character ; whilst it will always be found that 
even where the drains are not more than 20 years old, there are 
many arrangements which are now considered undesirable, and 
which sanitary authorities, if they wish to secure the health of 
their localities, should deal with and reform. 
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I think, ia dealing with existing houses, it will be fonnd advan- 
tageons to treat them rs t&r as practicable as we should new 
buildings, and I regret very mticb that a mpasure was not passed 
prior to the introdnction of the County Government Bill, which 
wonld bare enabled authorities to apply the same rnles to both new 
and old buildings. tSnch a meaeore might have inclnded the 
remoral of other stumbling blockB in the way of sanitary adminis- 
tration, and would not have occupied a tithe of the time devoted to 
the bill above named. 

There is, however, one way of helping ourselves in this matter, 
which I think has been lost sight of by many. 

Our excellent President told me some years ago that be had 
drafted a bve-law, which had received the sanction of the Local 
Government Boaid, with reference to drains forming new connec- 
tions with the sewers, even although not intended for new buildings, 
and the Town Clerk of my borough drew my attention not long 
since to sub-section i of section 157, which enables a sanitary 
authority to make bye-laws with reference to the drainage of 
buildings, the restriction of this power to make bye-laws to new 
buildings only, which appears in tiie prior sub-sections, is omitted 
from this ; this seems to have escaped the notice of the Local 
Government Board, as no model bye-hiws have been is.sned by them 
applicable to the drainage of existing buildings. And I think it 
would be well if localities would submit such bye-laws to the central 
Board, and endeavour to obtain their sanction thereto ; such bye- 
laws might, with great advantage to the profession, be drafted by 
the Council of this Association. 

I have before alluded to variation in the practice io dealing 
with the sanitary arrangements of existing buildings. I think there 
is another way in which the practice in this department varies, 
and that is that the defects are often dealt with by the medicol 
officer of health and the sanitary inspector without the interven- 
tion of the snrreyor, and 1 suppose we should all be strongly of 
opinion that all works of a structural character, or involving 
mechanical appliances, whether executed by a local authority or 
sapervised by its officers, should be controlled by the surveyor's 
department, and that if so controlled, the practice in different 
towns would be more uniform. 

Now in dealing with defective houses I have found one difficulty 
which wonld not arise were it clearly laid down that what are 
good and reasonable precautions in new bouses, built under some 

,h;..G00gIf 



101 BBLATION OF LOCAL ATITHOSITIBS, ETC., TO lUFBOrBHBNTS 

public snperrisioii, with precantione against damp walls and damp 
floors, are alao good and reaeomtble for existing buildings whicb 
ma; Dot have been bnilt with socb care ; the difficulty I refer to 
is that magistrates will generally ooly make orders to do the 
minimum of work. 

In going before a Court in order to ensure getting an order, it 
is often necessary that evidence sbonld be given to show that the 
improvements are absolutely required, and that without such 
improvements the premises are injurious to health. Id practice 
we are accustomed, in devising works of house drainage and 
arrangemenis connected therewith, to provide safeguards, which 
although wise precautionary measures, it is sometimee difficult to 
prove are all absolutely necessary, and that injury to health will 
result from the omission of any part of them. 

Take for instance the dieconnecti(Mi of draiu from sewer, and 
the provifflon of an air inlet on the house side of such disconnec- 
tion. On a house which has the wastes disconnected, the inlets to 
drain all properly trapped, and the soil pipe placed at the farthest 
point of the drain from the sewer, and carried a suitable height 
above the roof for ventilation, this drain might be trapped near 
its entrance to the premises, but without an air inlet on the honse 
side of it. In this case the ventilation pipe would relieve the 
traps from pressure, though there would not be a current of air 
through the drain and soil pipe, which we think desirable to con- 
stantly change the air in the drain ; or the drain may not be 
tra^iped from the sewer, in which case air will pass from the sewer 
through the drain and Ttntilntion pipe, still the latter will teliere 
the traps from prcsaore. The Locp.l Government Board have 
recognised the value of this extra precaution and of the system of 
double disconneclion generally, but can it be maintained that the 
absence of double disconnection causes a house to be in such a 
state as to be a nuisance and injurious to health ? 

There then follows another question : if the greater perfeetionof 
sanitary arrangements cannot be enforced, is it expedient to give 
notices requuriu^ them, or simply to limit the notice to such 
works the omission of which there is no difficulty in proving are 
injurious to health ? 

It appears to me that the drainage and other arrangements of 
existing buildings which need amendment may be divided into two 
dauses. 

1. Those with drains of improper material or of such gradient 
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as to canse depoeit, or drains with tbe collars of the pipes broken 
off, and connections made by cutting boles in the pipes, witli 
inside soil pipe or traps pierced with boles, scullery and other 
sinks or cellar grating in direct connection with the drain, water- 
closet cisterns eapplying drinking water, di^in not ventilated, or 
some of these defects. 

2. Those which, altbotigh having a fair drain, scullery and other 
wastes disconnected and drain ventilated, have defective closet 
apparatus, soil pipe within the hoose, and the house drain not 
disconnected from the sewer. 

With the first class it is comparatively easy to deal, with the 
second it is less simple, becanse, as before stated, it is difBcnlt to 
prove the absolnte necessity of perfection in snch matters. 

I have before referred to the practice in some places of the 
authority taking action only on the report of the officer of health 
or the sanitary inspector, and I have known cases in my own 
borough where notices have been given, on the report of one of 
those officers, to disconnect scullery sinks : those scnllery sinks have 
been disconnected, and I have afterwards had occasion to examine 
the bnildings and open the drains, and have found that whereas 
prior to the disconnection, the scullery waste ran into a brick 
drain under the sink, which brick drain traversed the scullery and 
some other part of the building, disconnection, as carried out, 
simply meant that a trap was put ontside for the waste discharge, 
such trap being connected with the old brick drain nnder the 
building. 

Now with reference to the designing the improvement of the 
sanitary arranj^ements in existing houses, it appears to me very 
advantageous that all these alterations should be done under the 
surveyor's direction; hut I do not think it right that owners of pro- 
perty should expect the local surveyor to design these alterations 
for them, but rather they should submit a plan to him which he 
will examine and give his opinion on, and if satisfactory, they will 
carry out such plan nnder his superintendence, as all such work 
should be superintended by a pubhc officer. The difficulty that 
arises on this question seems to be this, that an owner of property 
who removes defects voluntarily is placed at a disadvantage as com- 
pared with he who waits until the authority compels him to make 
the improvement, as the former has to engage the services of a 
professional man, whilst In the latter case the surveyor sets out in 
the notice what is required to be done. 
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Having jost referred to the Bnbject of inspection of nork in pio- 
greaa, I wonld say that it appears to me most advantageons to the 
pablic that every house drain should be inspected by a ptiblic officer 
before the joint holes are filled in, its joints examined, gradients 
tfisted, and a plan taken, which plan should be put upon the town map 
if that map is of not less scale than j^jf ; hut inasmuch as there is 
not sufficient space for the inspector to initial the map and place the 
date of the execution of the work, I have adopted the plan of having 
an inspection book, in which the portions of the drains inspected ate 
entered day by day — a tracing showing the plan of the drains being 
posted in the book, and the initials of the inspector, together with 
description of the gradients and ventilation of the work, being 
attached to the plan renders the discovery of alterations compara- 
tively easy. 

There is another point, and that is the disposition of tenants to 
seek the intervention of the authority to get something done by 
their landlords which they are miable to secure themselves ; this 
I tbink is perfectly legitimate if defects arise after the tenancy has 
commenced, or if a state of things exists which was thought fairly 
good at the commencement of the tenancy, but which has become 
obsolete when the interference U sought ; but I have known cases 
where persons, perfectly able to pay a fee for professional advice 
before taking a house, within six months after entering into 
occnpation, call upon the local surveyor to put pressure on the 
landlord, either by reporting to his committee, or by personal 
action, to induce snch landlord to make improvements which the 
tenant should have required to be done before he entered into 
occupation. 

In some towns, particularly watering places, the system of 
granting certificates when houses are in a good sanitary state baa 
been put into practice. I have myself thought the system might be 
used as an inducement to owners to put their houses in order, 
but I confess I have found many difficulties connected with it ; 
one conclusion I have arrived it is, that such certificate ought to 
give fall particulars of the arrangements, so that alterations or 
defects subsequently introduced under bad advice may bo easDy 
detected. 

I have found that where a drainage system was provided with 
disconnecting trap and air inlet, and an exit for the air through 
the soil and ventilation pipe which was outside the building, such 
current had three years afterwards been stopped by a trap being 
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introduced at the foot of the soil pipe, because the owner com- 
plained of a smell from the water-closet, which, by the way, was of 
the old pan or iron container type, and which was removed before 
I saw the house the second time. 

There is one more point to which I wish to refer, one which I 
donbt not all those gentlemen whose sphere of duty lies in towns 
which hare had drainage more than 30 years are too familiar 
with, namely: thosedrains the responsibility of maintaining which 
is legally on the authorities, bat morally on two or more owners ; 
I mean joint branch drains used by two or more houses, which, bat 
for the interpretation clause of the Public Health Act, no one 
would deem public sewers. 

It appears to me it is for the interest of sanitary progress that 
anthorities should at once recognise and accept thtir responsibilities, 
treat these drains as sewers, and reconstruct them where necessary 
and provide means for their ventilation — that anthoritiee should, in 
fact, lead sanitary improvement. 

There is one other point of interest on the question of these 
drains to which I wonld refer: supposing a drain taking the 
drainage of two hooses, and therefore legally a sewer repairable 
by the authority, ceases to take the drainage of one of the honses, 
does it cease to^be a sewer ? 

Gentlemen, I trust yon will excuse the discursive character of 
this paper. ' Although I dnd I have not by any means exhausted 
the subject, the paper has extended to much greater length than I 
contemplated, or I sbonld have commenced writing it much earlier 
than I did, with the view of spending more time in systematising 
it. It will, however, I trust, induce interchange of ideas on a 
subject of mncb importance. 

There is one little thing I should like to add, which did not 
occur to me at the time, and I should like the opinion of members 
expressed on the snbjecL That is the closing of wells which are 
suspicions owing to their position, but which on analysis show no 
signs of pollution. 



Cases which make it clear that a Local Board can enforce water 
supply to closets : — 

Sherborne Loeal Board T. Boyh: Q. B. D. ISlh MBrch. 1880; 46 J. P., 675. 
Vntry of St Luke v. Leau: 31 L. J, M. C. 7»; 1 a luiJ S. 865 ; 5 L. T. 

(N. S.) 608. 
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Gases which settle the qneattOQ of whether a draio which 
supplies two or more houses or buildings, bat would otherwise be 
a private drain, being a sewer under the interpretation clauses 
of the Public Health Act, may be considered as oonstincted for the 
private pro&t of some person, and thus excepted from the sewers 
for which the sanitary aathority is responsible nnder section 13 
of the Public Health Act :— 

Jeton Loeal Board v. BaUen : 28 Ch. D. 283 ; 5* L. J. Chsp. 2B1 ; 49 J. P. 

357, 
Finnoek v. Waleraorlh : 51 J. P. 24S. 

DISCUSSION. 

Mr, Eachus: I have much pleasure in proposing a vote of 
thanks to Mr. Newman for his paper. 

Mr. Joseph Hall : I have great pleasure in seconding the vote 
of thanks, and in doing so I would like to point oat one or two 
matters in which my experience has been somewhat different to 
11 r. Newman's. We have a system by which we inspect all houses 
at the cost of the local authority. An inspector goes round, 
examines the honse. and tests the drains, both by the smoke and 
smeU testa, and if everything is right then a certificate is given. 
If any alterations are uec&sary, he prepares a scheme, and submits 
it to me for my approval. Unless the alterations are made — they 
are not compelled to be done— no certificate is given, and the 
tenant is warned that no certificate will be given until the house is 
put in order. This amounts to a condemnation of the house. We 
have bad bouses which have stood empty as long as eighteen 
months, because no certificate was given. With regard to bye- 
laws, the Local GoTemment Board will only allow bye-laws for 
ventilation on the house side of the trap, but we get a 3-inch pipe 
from the outside of the trap carried to the roof, in addition to the 
Local Grovemment Board provisioD of the inlet and outlet pipes. 
This b an important provision. By it you get over the difBculty 
of sewer ventilation, and as everybody has to do it there is no 
hardship. It may be said " You are expecting the house owner to 
ventilate public sewers." But what is the difference whether 
owners do it themselves, or whether they allow the public authority 
to do it and pay for it by rates ? Then there is the statement 
abont the Public Health Act and public sewers. Mr. Newman 
has omitted to notice the very important exception to all sewers 
being public sewers. The section states that all sewers taking the 
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drainage of two or more houses are public sewers, except where 
they are made for private profit. Last week the question arose in 
my town, and our clerk held that " private profit " was a man 
having made a sewer to save himself cost. In this particular case, 
he had put in 60 yards of sewer, where be ought to have pat in 
200 yards. This was done a number of years ago, and now we 
have served an order on the owners for the bouses to be drained 
separately, and we have got it done. One man was disposed to 
fight it out, but last night he said, " It has got to be done, and I 
bad better do it." 

Mr. Ellice-Clabe : I would like to say a few words, not on the 
details of the paper, but on one or two important principles in- 
volved in it. Codes of model bye-laws, as issued by the Local 
Government Board, have been generally adopted by municipal and 
sanitary authorities in this country, and Mr, tTewman points out 
that under these bje-laws the duties of a town surveyor are purely 
ministerial, that he has not to convince anyone the principles of 
drain ventilation are correct, bnt has merely to carry out his duty 
of enforciug the model bye-laws. To put into bye-laws a detailed 
specification for drainage or similar sanitary work is, in my judg- 
ment, a mistake. If tbe model bye-laws have to remain for a 
number of years in operation they will become obsolete. Take, 
for instance, the very question that has been alluded to by Mr. 
Newman, where a provision is made for a fresh-air inlet and a 
foul-air outlet to boose drains ; you will find in the model bye- 
laws, the fresh-air inlet has to be at a lower altitude than the fonl- 
air outlet. That is statutory, and cannot be altered, bat tbe 
principle, being based on insufficient data, is wrong. I was 
inspecting only recently a house in Chelsea, where this principle 
had been carried out. There was a difference in altitude of 60 feet 
between the fresh-air inlet and the foul-air outlet, and we 
endeavoured in vain to establish a current from the " fresh-air 
inlet " to the " foul-air outlet," so, naturally, reversed the 
order of proctiedmg. We inserted a smoke rocket at the " foal-air 
outlet," 10 feet above the roof, and we found that the foul-air 
outlet was the fresh-air inlet. That is a very recent experience 
of mine, bat I daresay it conid bo borne out by others present. 
In Brighton, and in other seaside towns exposed to gales, it occars 
very frequently indeed. With regard to this particular house in 
Chelsea, we have recommended — for I may say that there were two 
angmeers consulted in the case— that the fresh-air inlet should be 
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carried very nearly as bigh as tbe fonl-air onUet If yon pnt into 
any bye-laws, which are practically statnte Uws, details of sanitBry 
arrangements the efficacy of which are not established, it is an 
exceedingly dangerous thing to do ; and Mr. Newman, further 
on, agrees with me, for be says " he is disposed to think that 
dififerent localities are differently circumstaaced in reference to 
sanitaiy arrangements of existing honses." In almost every town, 
and Tery frequently in different parts of the same town, different 
arrangements have to be carried ont, and it appears almost impos- 
sible to frame bye-laws sufficiently elastic, which go into details 
for sanitary arrangements, to make them work thoroughly ; nor can 
this be done nntil sanitary science is an exact science, if that should 
ever be so. With regard to tbe paragraph that all structural 
works should be carried out by the Surveyor, I think there can 
be no donbt this is the right principle. The Medical Officer of 
Health has entrenched largely upon the duties of the Municipal 
Engineer ; but it very often depends entirely upon the two indi- 
viduals, and the engineer should always hold his own in mattere of 
principle like this. It involves a great principle for the profession, 
and it involves a great principle for the public at large. 'I'here is 
quite enough for a man to study, and to uodersland, and to practise, 
in public hygiene,' without entrenching upon the work of the Muni- 
cipal Engineer. With regard to the paragraph in which Mr. 
Newman speaks of tbe I'ight of owners to expect the Local Surveyor 
to design the alteration, as a matter of practice in some of tbe 
great boroughs it would be impracticable, because if it were done 
the surveyor would require to have a very large staff. This is 
another principle which ought to be accepted by the members of 
this Association. The Borough Engineer should not be the man 
to take upon himself a responsibility that very properly attaches 
itself to owners of property. Upon many previous occasions " I 
have u?ed the words " that the responsibility for the condition of 
a bnildiog is tbe responsibility of the owner," in regard to the 
quvstion of eertiticates to which Mr. Newman has alluded. In the 
bye-laws at Hove, and in other (owns, it is provided that the 
surveyor shall give certificates for houses. I have always re- 
pudiated piving certificates, and never would give one, and I will 
tell you why. If you give a certificate, one of the asaistacts of 
the surveyor must supervise the work— because this work is so 
intricate that he must see every detail fully carried out— and he 
• Si-e vqI. X. 
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may not have left the premises five minntes before thrae 
orraugements are upset by somebody dropping a brick and 
breaking a pipe, or some simple accident of that kind. Yoor 
certificate is iesned, and in twelve months something is found 
wrong with the drains, and if the owner is enrnmoiied he will 
produce tho certificate of the Local Surveyor which will be very 
strong evidence in his (avonr. What Municipal Engineers should 
insist npon is this: that upon those who ma'ke the profit, those 
who build bouses and own them, the responsibility should be 
laid. All attempts to cast this responsibility upon public officers 
should be strennonsly resisted. 

Mr. WiNSHiF : There is one matter upon which I shonld like to 
have the opinion of members, and that is with regard to the carry- 
ing out of the 36th section of the Public Health Act. The town 
I represent was drained about I'i years ago, and shortly afterwards 
the waterworks were constructed. A few years later, we found 
that only about 30 per cent, of the houses were nsing the town water 
supply. We are now serving notices on owners to compel them to 
pnt on the wuter, bat we have had about only 50 per cent, comply 
therewith. I desire to know whether any of the members have 
taken a case into Court, where a w.c. bas no means of flashing, 
and successfully carried it through. 

Mr. Ellioe-Clabk : Hove had a large number of houses not 
connected with the town water supply. The authorities there took 
the opinion of Sir Farrer Hersehell, who bas since been Lord- 
Chancellor, and he held that yon could not compel them to put 
on a special water snpply, so long as the closet was not a nuisance. 

Mr. A. T. Dayis: With reference to the ijuestion pnt by Mr. 
Winship, I may say I wrote a letter, bearing exactly on the point, 
to the Local Qovermneni Ghronuile, and the answer given was that 
it was competent for the local authority to insist npon the water 
apparatus. 'J'be section, I believe, runs to this effect — that if a house 
is not provided with a proper watet-closet, earth-closet, or privy, 
the authority may insist upon the provision of one or other of 
that kind of accommodation, as the case may require. And if a 
town is properly sewered, and decides to adopt the water carriage 
system of sewage removal, then I think they should insist upon 
water-closet accommodatiim, and where the old middens exist they 
should abolish tbem as soon as possible. IVIy Board had snch a case, 
which we took before the magistrates, and they insisted. upon water 
closets being provided, together with proper flashing apparatus. 
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Mr. Anoell: We can insist upon proper arrangements, bnt 
\re cannot insist npon a water-closet We felt that difficnltj at 
West Ham, like the Commissioners of Hove, and wo obtained the 
power in one of oar local Acts ; but yon cannot, under the Public 
Health Act, ioeiBt upon the laying on of water to a closet. It will 
be held safficient if the person flushes the pan with a paiL Mr. 
Newman has raised three or four legal points in his paper, and there 
are other legal points ; bat it is not desirable to iuetroct the 
public how ^ey may defeat us. I am constantly overstepping 
the law ; that is to say, in the interests of the public we assume 
many powers we do not possess, and the public at large do not con- 
test the points. In the case mentioned by Mr. Davis, the magis- 
trate's decision of course is law imtil it is upset, and if the parties 
had been sufGciently litigious to go to a higher Court it would have 
been upset Theu, as to certificates : unless there be a local Act 
authorising certificates, there is no such general power, and, as laid 
down by the Ijocal Government Board, granting them is absolutely 
uUra vires. In my hye-laws such a clause existed for years, but, 
for the reasons given by Mr. Ellice-Clark, I absolutely refused to 
grant them. Whether or not it is reasonable to grant certificates, 
there is a difTerence of opinion. Mr. Newman objects to the 
Medical Officer of Health and Sanitary Inspector taking upon 
themselves duties which belong to the Municipal Engineers, but I 
never object, because it relieves me of a good deal of trouble. All 
those things, mentioned by Mr. Newman in detail, which should be 
carried out by the Surveyor regarding the supervision of buildings, 
plans, and other matters, are desirable and proper, but those who 
have a great deal of work in large towns cannot find the time to do 
it. There is always pressing work going on, and we do not have 
a sufficient staff to do it. They ought to be carried out, but I ven- 
ture to say there is hardly one member present from a large town 
who would have the time to give to the work, or a staflf Uirge enough 
to attend to it. With regard to the air inlet and the higher out- 
let for ventilation, we have frequently found, where we carry out 
the hye-law rigidly, that a smell from the drains escapes under the 
front ground-floor window. There is sometimes a difficalty in 
adapting an air inlet suitable to local circnmstances, and I have 
allowed the inlet to be stopped in many cases, as the least of evils. 
With the air inlet, you get the pressure taken off the drain and 
without it you do not get a thorough ventilation. Another point 
came under my observation a short time ago. In a well-drained 

DolzeclbvGOOgle 



DIBGC6SI0M. 113 

town, if cesspools exiet, we have no power to abolish them, nnlese 
they are proved a nuisance. In many places there ia no evidence 
of injnry to health, asd in some cases we fonnd we conld not 
compel connection with the sewer, though within 100 feet. As to 
well water, if the water cannot be proved impure you cannot 
prohibit its use ; bat if it is injurions to health yon can of conrse 
compel a proper supply. 

Mr. G-. E. EAcans: I should like to aay that under the 
36th section you can enforce, not perhaps directly, that a proper 
flashing apparatus should be put on. If you give notice to the 
owner that the bouse is to have a sufficient water-closet, yon put 
him in the position to prove that he has mode it sufficient In 
order to make it suEBoient, there most be, not the passing of water . 
in occasionally, but a proper flushing apparatus. There are one or 
two cases reported in Glen to the eflect that you can make the 
owner do this. Of course there are many ways of giving notices, 
and the great difficulty is for the officer to put the notice in a 
way that it will be accepted as binding. There was another point 
raised as to the question of private profit in sewers : when does a 
drain become a sewer F and so on. I had occasion to advise a local 
authority on that point, and we took the opinion of Mr. Finlay, Q.C. 
As Ear as I can remember, unless a man laid down a sewer and 
received a rent for nayleave, the sewer could not be ccmsidered as one 
put down for private profit; and nil sewers for two or more bouses 
are vested in the local authority. There is a great deal of law 
in the Public Health Act, hut it is on the tact of the officer the 
successful dealing with the various cases chiefly depends. 

Mr. LoBLBZ : The practice I have carried out for many years is, 
not to regard these drains as public sewers, I am quite prepared 
to admit that if yon ask Counsel's opinion he will tell yon what 
Mr. EachuB has said. But until recent years we have had no 
Judge's opinion, and the decided case is not entirely on all fours 
with the cases in view at present. Of course I make a distinction 
with diSerent cases ; I do not ignore them all as sewers. If the 
drain or sewer is made, under the 1875 Act, by the authority, and 
charged to the owners, then the sewer becomes vested in the 
authority. Then there is the case of a sewer belonging to one or 
more different owners. This I should be very reluctant to regard 
otherwise than as a public sewer. But where it is on private 
ground, passes through perhaps one or more backyards, bat not 
under any street or passage that can be btoi^bt under the 150th 
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section, and where it all belongs to one owner, there I think the 
case can be considered to be one for the proiit of the owner, and 
where yon can easily diow it has been made to save espenae to the 
owner than if he had had to drain each house separately. If we 
were to consider them as pnbho sewers the coat of them wonld be 
very mnch greater than maintaining existing ordinary sewers at 
the public cost, as the difficulty of getting at them wonld often be 
great. And where it belongs to one owner I think it can be fairly 
considered to be made for his own profit At any rate until a 
Judge's opinion to the contrary has been given, we ought to 
look upon it in that way. In my borough, if anyone objects to 
paying, we tell them that we are quite ready te fight the case and 
carry it to a higher Court. In fifteen years we have never had 
anyone willing to fight a case, and I am quite ready to wait until 
they do. 

Mr. Leuoh : An owner comes to the local authority and says " I 
have three or jour houses here which are more economically drained 
through the back," and the local authority wisely consents that 
he should be allowed to do bo. It is quite evident that the owner 
has done that for his own advanb^e and profit, and it is a mon- 
strous principle to say that because tlie local authority have done 
that, the local authority is for ever to maintain that drain and keep 
it in order. I would suggest t^ little way ont of the difficulty. Get 
the owner to add to the application that he will agree afterwards to 
maintain the sewer. Whether it would be binding in law I cannot 
say, but it would be an obligation to him as an honourable man that 
he could not gainsay. Then there is the important question 
raised by Mr. Clark. I have long been of opinion that municipal 
authorities and engineers are treading upon dangerous ground when 
they takenpon themselves the responsibility oflooking after house 
drains. When I became a borough surveyor I was very anxious 
to do everything. That is a great mistake, as yon will find when 
you get older. Then I was very anxious te have the control of 
everything. That is another mistake. I wished to give a ceridficato 
that the houses were properly drained and according to the by&-law8, 
but I soon found that to be impracticable and impossible. lo the 
first place the Corporation would not allow me a sufficient staff 
to properly supervise these drains to give a certificate. I have 
never given a certificate, and I think I have acted wisely in that 
respect. I do not think any local surveyor should be asked to give a 
certificate te that effect. In the first place the bye-law is ultra 
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vires ; and second there is the supervision and subsequent conttxil. 
The house may have been drained on the meet scientific principle, 
but some botching plumber may come in a ^eek hence and upset 
everythiDg. A more illogical principle than that could not be. 1 
would say to the younger members of the profession " If you have 
given certificates, give it up altogether." lu the first place they 
are illegal, and in the second they are illogical and valueless. 

Mr. C. G. LiVTsoN ; As to the question of giving certificates, 
the Local GoTemmeut Board admit they have power to pass such 
a bye-law, and my Board has got that bye-law. The Swindon 
J.x>(»l Board had a case carried into the superior Courts, and the 
judges decided that such a hye-Iaw was a perfectly legal one. For 
some time the Local Government Board refused to grant the 
bye-law, hut after the decision in the Swindon case they have 
granted it. 

Mr. K. A. MaoBkaib : I should like to discuss the proposition 
laid down by our ex-Freaident Mr. EUice-Glark. I agree to a 
certain extent that the law, or the model bye-laws, should not enter 
too much into detail, hut there are two sides to the question — 
there is snch a thing as being too vague. I will give an analogy to 
illnsttato my point. The old building bye-laws contained a clause 
fixing a minimum — generally about 8 feet — for the height of rooms. 
In the new model bye-laws this is omitted ; it vaguely states that 
there must be " sufficient ventilation," thereby taking away all real 
power over the height of rooms ; so there is such a thing as 
being too vague and having no defiuito regulations. There is 
another matter I should like to mention and ask the opinion of one 
or two members upon. We have had no lengthened experience of 
cast iron ventjlating pipes for sewers. Some years ago I erected 
25 or 30 4-inch to ft-inch pipes, to ventilate the public sewers of a 
town. About a year ago I bad occasion to open one ; the result 
vas disheartening — it was quito blocked up. I found nearly every 
one of the 25 to be in like evil case ; every one was stopped up, 
simply from the scale in the bottom. Oxidation had set in uid 
the scale tumbled down. I am afraid that three-fonrths of all the 
house ventilating pipes are so blocked up. I adopt a simple 
expedient. At the bottom of the vent pipe I put a 2-fbot pipe on 
end to allow the scale to tumble into, or else build a sm^ brick 
cesspool or chamber. When should a branch drain become a 
sewer ? On page 7 of the paper just read it says that " authorities 
should at once recognise and accept their rcsponsihilitien and re- 
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constract them where necessary, and provide meaoB for their ven- 
tilatioa," I say decidedly " No." If a man likes to erect two honsea, 
selling one of them, and at the top of the paasBge between them 
branches off drains right and left, I do not think local anthoritiee 
should accept the responsibility and hare to repair and clean out 
the drain in the passage. 

Mr. Ellicb-Glabs : Mr. MacBraii thinks we should not be too 
lax in drafting bye-laws. About fire years ago I spent a great 
deal of time in obtaining all the bye-laws in I^nceshire and 
Cheshire ; and I read a paper at Liverpool and Hove * on this 
subject, in which I endeavoured to draw a diatinction between 
nwtters oq which it was poe^ible to have hard, fast, and rigid laws, 
and where it was not posaibte to have strict laws ; but where there 
are delicate details, such as have been allnded to, I thiuk you 
most have bye-laws either elastic or vague. 

Mr. J. OoBDOM : The character of the paper Mr, Newman has 
been good enough to read is certainly of a discursive kind, and I 
do not see that any practical resnlt can come of it, except by an 
interchange of ideas. I was naturally anxious to hear the opinions 
of many of the younger members of onr Association, and we hear 
that there are diversities of opinion upon very many points ; and I 
most oonfees I am a little out of unison with the views expressed 
by Mr. Lemon and Mr. Clark as to the inadvisability of express- 
ing too much opinion in your l^e-laws. I have found it a great 
advantage to make what yon may call a new departure. If you 
go into a town and find the sanitary arrangements very defective 
through htxity of the application of the bye-laws, and that tiiere 
has been no definite instructionB given to the builders or architects, 
yon naturally b^in to pnt yonr knowledge of sanitary laws into 
force. If yonr bye-laws are lax, as in the instance Mr. MacBrair 
has mentioned, yon have no doubt very great difficulty ; and it is 
only by moral persuasion that you can get them to do what is 
required. Possibly the case I am going to refer to is hardly a &ir 
sample of what can be dona In the ease of Leicester we not only 
have the Public Health Act, bat a privato Act. Under the latter 
I have made r^ulations and have gone so far into detail as to give 
the manner in which a house should be drained, and have given 
general examples likely to be useful to Leicester, Of course rules 
cannot be laid down for the whole country, but yon may fix and 
give fairly definito instructionB for each town, taking each in its 
• See Td. X. 
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geseral details ; but I think it also poeaiblfl, in giving and making 
theee regulations, to make them safficiently elastic to leave yon 
with a oomparatively free lumd to change a regnlatioa whete 70a 
think it is not properly apjdicable. I have foand, at any rate in 
Leicester, that the general regulatione which I drafted have been 
of great nse, not only in instructing the bailders, bat the arcbitecta 
themaelvee, and they have been very grateful to have something 
before them. I have never found mneh difficulty in carrying the 
regnlatioDB oat, and builders have willingly taken my advice. In 
the case of disconnection, for instance, I am pleased to hear in some 
respects that there is consderable unanimity with regard to dis- 
connection ; but there are cases, which I am quite sure every 
member has met with, where it is extremely difficult to carry it 
out. Therefore, if you have a fixed regulation of that kind, which 
makes it compolsory to disconnect a house, yoa place yourself in a 
great difficulty if yoa cannot depart from it. I have very many 
instances where I have advised it should not be done. Mr. 
Newman, in his paper, tells yon of the very great difficulty in 
dealing with old houses. There is not the slightest donbt that 
that is BO. The surveyor, knowing his businees, inspects a house 
where there has been fever or general bad health without any 
apparent cause, and you detect with your educated eye what is the 
matter. The soil pipe is not ventilated, or possibly the sink-stone 
is not disconnected ; bat unless you can prove to the magistrates, 
by the smoke or some other test of that kind, the leakage of sewer 
gas into the honse, yoa are nowhere before the Court. We have 
had at times very clever evidence against ns to prove that there 
was nothing the matter, and that there was nothing defective 
except pertuips the ventilatioa of the soil pipe. We conld not 
satisfy tiie owners, therefore, except by the smoke test, and for the 
application of this we were prohibited from entering the prenuses. 
What we had to do then was n> inject smoke into the public 
sewers, and so drive the smoke into the cupboards of the boose, in 
some casee, where perhaps a pipe passed through, before we could 
convince the owners and the magistrates that we were right. It 
becomes very onerous if you have to take a course of that kind. 
Tou want a special surveyor and inspector before you can cope 
with snch difficulties in a large town. There is the question as to 
granting certificates. Like Mr. Lemon, as a young man I thought 
I could do all kinds <^ things, and I very willingly, in Carlisle, did 
grant certificates after carefal inspection of every new house; but 

DolzeclbvGOOglf 



118 DISCUBSIOK. 

I have never yet, notwithstandiiig that we have a clear bye-law 
reqniriog the sorveyot to grant them, granted a certificate at 
Leicester. I decline to give any certificate ; it is probably not 
worth the paper it is wntten on three weeks after It is made out. 
I may give you an example from Leicester again, where we 
imagined we had looked pretty sharp after the bnildere in lnying 
down the drains. The drain has been laid ; the inspector is 
supposed, and can fairiy say, that be has seen every pipe laid ; he 
is perfectly satisfied in bis own mind, as &r as any inspectioD of 
that kind can be satisfactory, that that drain has been properly 
laid. Twelve months after there is a ferer case in the hooae, then 
there is a second, then the inspector of nuisances is called in, and 
he cannot find any defect until the smoke test is applied, and when 
this is applied, aud only then, he finds out what is the matter. 
The drain has been laid npon filled-up soil, the soil has settled, the 
joints are defective, aod the sewage has fonnd its way ioto the 
foundation of the house. That is tiie difficulty you have to deal 
with in the case of old day pits. No supervision, not even the 
smoke test would have availed yon in that case, and a certificate 
previously given in perfect good faith would have been taken as 
very good evidence, I imagine, against the surveyor. Mr. Newman 
raised the question of plans. He said the responsibility ought not 
to fall apOD the local surveyor to have to give advice gratis to a 
landlord to show him how his drains should be laid in the case of 
old houses. There is a great deal of tmth in that. On the other 
han(^, while the landlord can secure the best services procurable in 
the town, on the part of the authority, by getting the surveyor to 
examine bis honse and tell him what is required to be done — and 
there is great objection to such a course — who is to do it if the 
local authority cannot be called upon to advise and act if necessary 
when a nuisance is complained of. I do not think, however, Uie 
duties of the local surveyor should go beyond this, when he is 
called upon to inspect a house said to be sanitarily defective, viz. 
to point out generally what ooght to be done, and not make plans. 
His duty should stop there. If it is not the practice in Mr. 
Newman's borongb, we have the power in Leicester to call upwi 
the owner when he has received a sanitary order to put a house 
into a proper sanitary condition, to send in a proper and detailed 
plan to a scale 8 feet to the inch ; and we do not allow anything 
to be done until the plan has been approved by the Plans Com- 
mittea Where you can exercise that power, you get over the 
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difficulty that Mr. Newman has raiaed m that teapect ; and 1 hope 
every borongh surveyor can give ob a similar experience. Mr. 
Newmao also raises the queation of well water. A surveyor may 
have very good grounds, on accoont of the well beiog in close 
proximity to a drain, to suppose it is nnsafe to nse the water of 
snch a well ; but he can do absolutely nothing without an analysis 
by the medical officer or public analyst to prove the water to be 
uffeoted and injurious to health. I think with one of the speakers 
that the medical officers in certain cases have asserted a power they 
have no right to. I believe the province of the medical officer, at 
any rate on engineering matters or sanitary details, is to consult with 
the surveyor, and that they should consnlt with each other. I 
have no doubt there are many cases where the surveyor has allowed 
the medical officer to usurp some of his duties, where the latter has 
undertaken to direct what many sanitary details should be. The caae 
given of the disconnection of a scullery sink-stone, where the work 
vras so done that the defective drain, passing under the kitchen floor, 
was allowed to remain so that the sewage went its old course, as 
before the disconnection, provad the case against the medical officer 
bemg likely to get wrong if he acts in structural works without the 
surveyor. I could give you a much more striking case than this, 
but as the surveyor for the town in question is not present, who 
could tell yon the tale in a much more drastic manner, I vnll not 
further refer to it than to say that it wonld only show that 
medical officers should not assume the functions of the engineer, 
and that the proper province of both is to work together for the 
common good. 

The FBBBiDEaiT: The discussion has shown that the Public 
Health Act is not so complete an Act as to deal with all these 
matters without great contention arising. Here we have had only 
seven or eight sections brought before us, and the discussion shows 
how deficient b the Public Health Act On the question of certi- 
ficates, I should like to say something. There is a clause here at 
Portsmouth in our bye-laws, that certificates should be granted, but 
that has never been carried out, and very wisely and properly. I 
beheve that any such certificate would be to give a false secniity 
to the occupants of the house. The best certificate they could 
bare would be the knowledge of some of the miuur details of 
sanitary matters, and then they would not be gulled into taking 
houses that are unsanitary. With regard to the Medical Officer of 
Health and the Purveyor, they can work together, and work 
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amicably, for the public whom tliey eerve. I think the point aa to 
the vater suppl; to a closet is one which certainly reqtiirea some 
considerable discofision. The opinion oniTeisally held is that yon 
cannot compel a water supply, tinleea yon can show a nniaance is 
existing. Yon can only t^en compel the occupier to abate that 
nuisance by throwing buckets of water, and cannot compel the 
owner to alter the apparatus or furnish a water supply. 
The vote of thanks having been accorded with acclamation, 
Mr. Newmah, in acknowledgment, said : I thank you very 
much for the vote of thanks for the paper, and I have been moch 
interested in the discussion that has t^en place upon it. There 
is one matter Mr. Gordon ^s referred to, which I think beats ont 
my own ideas as enunciated in this paper ; that in hia borough 
they require owners of property, before altering drains, to deposit 
a plan of the alterations ; but I do not think, under the Public 
Hmlth Act, we have any power to require it. With reference to 
Mr. Clark's arguments that too much detail should not be given on 
matters of drainage, I quite agree with them ; but what I want to 
see is, that the qnestdon of dealing with old drains should be on 
the some footing as the drainage of new houses, and I think it is 
unsatisfactery to have to go before magistrates, and for them to be 
the judges of what is required. It seems to me that the anthority, 
as advised by their surveyor, ought to be the judges, and if the owners 
consider themselves aggrieved, they ought to have te go to the 
Local Government Board. With regard to water-closets, there is 
a case quite recently, where an authority, on the report of the 
tSurveyor, gave notice to the owners, requiring them to construct 
one. The owners failed to do it, and the authority then constructed 
it. The anthority sued for the cost, and got judgment, which was 
appealed against, and the judgment was confirmed. It is a com- 
paratively recent judgment, within two years, I think ; but I will 
send the Secretary the case. With reference to certificates, I am 
very much at one with all who have spoken on the subject ; bnt I 
want to point out, inasmuch as the efficient laying of a house drain 
can best be judged during progress, I think the owners are entitled 
te a certificate that it has been inspected during progress. The 
smoke test may be afterwards applied and will detect leaky joints, 
but it is impossible after completion te ascertain that it is regularly 
laid unless the whole length is opened. On that account I think 
it is desirable a certificate te that effect should be given. I will 
send also the Secretary the name of a case which I think has settled 
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the qnestion of private profit The fact that it was a more 
economical way of draining a house cannot be consttned into 
" private profit." I think I onght to add, it might appear that 
1 am not in perfect harmony with my own medical officer of 
Health. That is not the case. My object in allnding to this 
matter was, not to bring any charge against the medical officer, 
bnt to state my opinion, that the correction of stmctnral sanitary 
defects in existing buildings is more likely to be satisfactorily 
executed, if the amendment is required to be done by the eurreyot, 
than if required by the medical officer. 
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PORTLAND CEMENT. 

Bi W. SANTO CEIMP, Abboo. M. Inst. O.E., F.G.S., &c. 

In sabmitting this paper to the Association of Municipal and 
Sanitary Ecgineeis and SuiTeyors, the anttor has a twofold 
object in view : first to bring before its membera a brief renew of 
the methods by which two very commonplace materials, chalk and 
clay, are converted into that indispensable article Portland Cement ; 
and second, with the assistance of the members, to frame a speci- 
fication which shall ensure to the engineer a reliable cement, 
without unduly harraasing the manufacturer with unnecessary, and, 
indeed, as occasionally occurs, impracticable conditions. 

Uuch has been written concerning Portland Cement, and many 
thousands of experiments have been made and the results published, 
by Messrs. Grant, Faija, Beid, and others ; indeed, the ' Minutes of 
the Proceedings of the Institution of Civil Engineers' teem vrith 
papers and articles on the aabject. The author feels, therefore, that 
in preparing this paper originality is impossible, all that he can 
do is to endeavour to describe the process of manufacture as seen by 
him in visiting various cement works, and possibly to bring some 
tacla before the meeting that are new to at least a few of the 
members of this Association. 

The earhest works establiabed in this country fer the manu^ture 
of true Portland cement were tho^e of Maude, Jones and Aspdin ; 
Bobins, Aspdin, & Co. ; and J. Baaley White and Co., all established 
between the years 1825-44. Aspdin, whose name is associated 
with the two first-named firms, was the son of Aspdin, the Leeds 
bricklayer, whose patent, No. 5,022 of the 21st October, 1824, is 
the first in which " Portland Cement " is mentioned. Messrs. Scott & 
Bedgrave state, however, that Aspdin's method of manufacture 
differs in many particulars from that now pursued.* 

In describing the system of manufacture now in operation, the 
author will commence with the — 

Materiali. — On the banks of the Thames and the Medway, 

* ' Minutoe of ProcDodings lust. CE.,' vol. Uu. p. 67. 
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where by far the largest quantities of Portland cement are mann- 
Jactmed, chalk, &oin either the upper ur lower formatione, is nsed 
in conjunction with ganlt day, or with mud taken Irom the Medway 
known as " Gillingham nrnd," or with both clay and mnd. At 
Bridgwater, Poole, Bngby, Stockton, and other places, lias limeetone 
is need instead of chalk. 

Proportions. — The proportions of clay and chalk or other 
limestone to be nsed in makii^ the mixtnre known as " slip," varies 
with their nature. The object to be attained is the production 
of a mixture contaioing trom 72 to 77 per cent, of carbonate of 
lime. White npper chalk ia nearly pure carbonate of lime, 
being composed of upwards of 98 per cent, of that material,* 
while lower or grey chalk sometimes contuns as little as 83 per 
cent.,! the remainder being principally clay ; hence, at a hu^ 
oemeot mann&ictory oa the Thames, where white chalk only is 
used, 30 per cent of clay is added, whikt at a works on the 
Medway, where the strong grey chalk is fonnd, about 20 per cent, 
only of clay is required. An excess of lime prodaoes a heavy 
cement when very highly burnt, but not one of a reliable nature, 
since the excess of lime requires to be air-slaked, by being exposed 
in thin layers, before the cement can be used to advantage, other- 
wise it is liable to "blow "in the work; it is, however, quite 
possible in such a case to " air-slake " until the cement becomes 
dead and nearly valueless. Such cement will not stand the teste 
to be discuBsed later on. For builders' work, such as rough cast 
stucco, &C., a very suitable cement is produced &om a mixture 
containing from 70 to 72 per cent, of hme ; being more lightly 
burnt, it grinds easily and sets rather quickly. This is not, 
however, an engineer's cement, being deficient in oobeeive pro- 
perties when tested with sand. 

Manipulaiion. — Having decided upon the most snitable pro- 
portions of clay and chalk, or other limestone, the material should 
be carefully weighed before being tipped into the wash-mill. At 
the best works, each trnckload is weighed and the contents adjusted 
to the stendard. Wash-mills are constnicted in various sizes up to 
28 feet in diameter. A circular excavation is made, and the sides 
and bottom are lined with brickwork. A pier is constructed in the 
centre for the pntpoee of carrying the shaft, which is placed 
Tertically ; radial arms are fixed near the bottom of the shaft, and 

■ Sohw«iUer. t Col. Scott, B.E. 
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horn these heavy harroTFS depend. Framework of a snitable 
nature, with bevil gearing, forma the upper part of the mill, and, 
power being provided, the harrows rotate at a rapid rate, for the 
purpose of breaking np and mixing the chalk and clay, sufficient 
water being added to form a stiff paste, technically known aa " slip " 
or " Rlnny." Formerly large quantities of water were used — as 
much 08 200 per cent. — the reeoltant mixture, being in an 
extremely Uquid state, gravitated to rectangular brick tanks, termed 
" backs," where the excess of water was drawn oil the top, as the 
sohds settled. When eaffidently solidified, the material was placed 
on the drying-Soors, to be described later on. There were many 
defects in this method, the principal one &om the engineer's point 
of view was that, in flowing into the settling tanks, the homogeneity 
of the mixture was destroyed, as particles having the greatest 
specific gravity soonest fell to the bottom, thns iLe mass at its 
point of entry into the tank was quite difierent from that at remote 
points, and oon^sted largely of sand. In wheeling the partiy 
dried material to the drying floors, in spite of the speoid iostmctioos 
to the laboorers, the admixture was very imperfectly effected, with 
the result that the sandy shp, when placed in the kilns, fused, 
forming an inert glassy clinker. The smallest quantity of water 
couBiBtent with utility is now osed in the wash mill, the "slurry " 
being a thick mobile paste. From the mill it passes to a pump 
well, where slow-acting plunger pumps force it to a height sufficient 
to command the wet grinding mills, consisting of French burr 
stenes, or heavy edge-runner mortar mills ; in passing through the 
mill the attrition of die harder particles is effected, and the mass is 
thoroughly and evenly mixed. After being screened, the prepared 
" shp " is conducted in iron mains to the varioos drying floors. 
Hr. Michele has introduced an iron wet-grmdiug mill (of which 
the small sewage hming machine made by Messrs. Bowes-Scott 
and Bead, is a model), which gives satis&ctery results. The great 
object to be accomplished is the complete pulverisation of the chalk 
and clay, and their thorough admixture, together vrith the inter- 
oepti(m of reoaloitnoit foreign substances. 

Drying And Burning. — There are many- different kinds of com- 
Uned kilns and drying floors. The object of the mann&cturers is 
the utilisation of as large a proportion of heat from the kilns as 
possible in drying the "' slip," in order to reduce the cost of pro- 
duction, together with the thorough calcination of the contents of 
the kiln ; ite best form is, therefore, more a question for him than 
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fot the engineer. The old foirm is ahaped inedde like a soda-water- 
bottle, and IB charged with aboat 90 cnbic yards of dried " elip " and 
coke, yielding aboat '60 tons of clinker, while tlie newer fbrms are of 
about half tbe capacity, and of Tarioos sections. The drying of the 
" shp " is effected by passing the prodacte of combostion from the 
kilns either nnder, orer, or both nuder and over, the drying floors 
on which the wet " slip " is deposited. In the preparation of the 
" slip " about 35 to 40 per cent, of water is now used nnder the 
" Goreham " or " stiff" method, as against 200, or even a larger 
percentage under the old system, the chief defects in which have 
been pointed ont. In order to convert the dried " slip " — which 
now contuns about 10 per cent, of moisture — into clinker, the kiln 
is charged with coke and " Edip " in alternate layers of about 4 inches 
and 8 inches respectively. In the " Goreham " system, 35 to 38 
tons of coke are nsed in the production of 100 tons of clinker, this 
including the drying of the " slip " as well as its calcination. 
Under the old or wet process, according to Mr. Johnson, abont 15 
per cent, more fuel is required.* The small Vilns are drawn on 
the third or fourth day after the charge is fired, while the larger 
kiln requires a week for the conversion of its contelits. When 
BufBciently cool, the mass of clinker is broken down and conveyed 
to the mills. On the removal of the clinker, it will often be fonnd 
that some of it, where in contact with the sides of the kiln, has 
become vitreons, the fire-brick lining providing a flux ; this should 
be picked ont, as it will grind into a useless inert substance. The 
topmost Uyer, of a thickness of 6 to 9 inches, is imperfectly calcined 
aai is of a light colour and readily crumbles. Tide conteuus much 
free lime, and if mixed and ground with the good clinker will 
produce cement of inferior quality, being hot and hable to blow. 
All such under-burnt clinker, should therefore be carefully picked 
out from the hard, well-burnt clinker, when a first class cement is 
reqnired. The author has kept a piece of this kind of clinker in 
his ofiSce for some months by the side of a piece of very highly 
burnt clinker of good quahty ; no change in the latter has taken 
place, but the former commenced to crumble after an interval of 
about six months, and then rapidly disintegrated, in consequence of 
the air-slaking of the large proportion of free lime. Such cement 
would undoubtedly expand when used in the construction of works, 
and possibly lead to disastrous resulte. 

* ' Hinates of Proceedings Init. C.G.,' vol. xUJ. p. 76. 
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Orinding. — The reduction of the clinker to the impalpable 
powder known as Portland Cement, is effected by means of Blake's 
cm^ere, or by steel ioIIoib, or other means, in conjonction with 
French bnrr millstonee. On pacing throngh the crasher, the 
partially- reduced prodnct is carried on eudlees bands, or by Jacob's 
ladders, or other cootriyance, to the mills, where it is gronnd in n 
similar manner to flour. A pair of stones will grind abont 1^ ton 
per honr. In the beet works, the hoppers discharge their contents 
intoasiftiDgniachiiia Mr. A. Crlover, tbe able manager of Messrs. 
fi. White's works, has invented an admirable mu^bine for the 
purpose, sieves with meshes of varying decrees of fineness being 
readily inserted in order to comply with the different specifications. 
A simple device prevents the sieves from clogging. The sifted 
material is taken to the storing sheds, where it is pnt ap in casks 
or bags, in the form with which we are all familiar. The coarse 
particles are returned to the mill, and are re-gronnd, and should 
produce the very beet cement. The importance of reducing the 
partides to an extremely small size cannot be over-rated. The 
experimenis of Mr. Grant and others are conclusive on this point 

Testing. — Specifications for cement generally contain three 
provisions, referriug to: — 

1. The d^ee of fineness. 

2. The weight per bushel. 

3. The tensile strength. 

1. Now the excellence of Portland Cement, may be judged almost 
entirely by its power of cementmg together particles of sand, and it 
has been conclusively proved that the finer cement is ground, the 
more highly this property is developed. Take for example a cement 
of a common specification, where 80 per cent must pass through 
a sieve having 2o00 meshes to the inch ; on testing the particles 
retained by the sieve, it will be found that they possess no cementi- 
tioos properties whatever, while if an equal proportion of clean 
sharp sand be mixed with the silted cement, the mixture will be as 
strong as the cement was in its original condition ; such cement 
may therefore be said to be adulterated to the ext«nt of 20 per ceat 
with clinker. Now take a cement, 90 per cent of which must pass 
through a ^eve with 5800 meshes to the square inch ; the retamed 
particles will be nearly as valueless as before, but the cement will, 
ill addition to being finer generally, be adulterated to the extent of 
10 per cent. only. In cases where cement which passed throngh a 
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Bieve of 32,257 meshes to the square inch has been snbseqnently 
mixed with three p&rts of sand, and tested, its strength, compared 
with the same cement when sifted so as to pass 90 per cent, 
through a siere of 2580 meahes to the square inch, has been found 
to be 41 per cent, greater, the briquettes being broken 25 weeks 
after being made.' When tested neat, however, the coarser cement 
was much the stronger ; thus the importance of testing with aand 
is apparent. In Mr. (rrant's experiments, the access of strength in 
cement passed through 5800 to the inch, when compared with the 
same cement passed through 2500, was found to be about 17 per 
cent when mixed with three parts of sand ;t a farther oonflrma- 
tion of the importance of fine grinding. The author is of opinion 
that, as a standard of fineness, 90 per cent, should pam a sieve of 
5800 to the square inch. 

2. With regard to a standard of weight. With the introduction 
of the sand test, the question of the weight per bnehel is of minor 
importance. If a weight is specified, it must be remembered that 
the more finely cement is ground, the greater will be the space 
occupied by a given weight ; hence a very finely-ground cement is 
lighter, bulk for bulk, than the same cement coarsely givtind. A 
weight of 112 lbs. per bushel, when the measure is filled lightly in 
the orthodox manner, will he found to be a very good standard 
with cement of the fineness suggested. If a one-tenth of a bushel 
measure is used, its contents should weigh 10 5 lbs., since in the 
smaller measure the material is not so much compressed. 

3. The tensile strength of cement is ascertained by making 
briquettes of the material in specially constructed moulds, and, after 
immersion in water for certain periods, fracturing them in specially 
designed machines. The testing may be carried out with great 
nicety in a laboratory provided with a great variety of special ap- 
pliances. The tests of the engineer, however, must be readily 
applied, and a sieve of 5800 to the inch, weights and scales, one- 
tenth of a bushel measure, testing machine and moulds, together 
with a few commonplace appliances, are all that are necessary. 
The beet mould is that which forms a briquette shaped hlra two 
&ustum3 of a wedge joined at the small ends, the sectional area at 
the weakest part being one square inch. In applying the weight, 
the strain should not be exerted at a more rapid rate than that of 
100 pounds in 15 seconds, since higher or lower breaking strains 
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vill be registered if the rate be fuiter or slower, and nniformit; 
can only be obtained by using like methods. If the specific gravity 
is also made a condition of the specification, it shoold be about 
3 10. 

The admixtnre of Band with the cement to be tested, now known 
as the " sand test," was first adopted in Germany ; and since its 
introduction into this country there can be no doubt that where 
fine grinding baa been a condition of the siwcification, the cementi- 
tioQS power of Portland Cement has been much increased, in 
consequence of its greater fineness, compared with the ordinary 
cement of commerce. Although the neat teBt is in some respects 
useful, it cannot be denied that, as cement is generally used in 
combination with sand or gravel, its true value can be known only 
when it is mixed with tJiese substances before being tested. The 
chief difficulty lies in the fact that sands alike to the eye, even when 
placed under the microscope, give widely difierent results. It is 
necessary, therefore, that the sand used should be identical in every 
characteristic, if perfectly accurate comparative results are to be 
obtained. Bands vary in weight, as well as in other properties, and 
as the standard test consists in adding three parts by weight of 
sand to one part of cement, the bulk of sand will of coarse vary 
with its weight The author procured some cruahed Leicester 
granite of the standard size, namely that passing a sieve of 20 
meshes to the lineal inch, but retained on one of 80, and some 
standard sand from Heath, near Letghton Bnzznrd, with the result 
that crushed Mount Sorrel granite weighed 97 lbs. per bushel ; 
standard sand, Leighton Buzzard, 122 lbs. per bushel. In bulk, 
therefore, equal weights of these sands differ to the extent of 20 
per cent, since 97 Ibe, of standard sand would only occupy 80 per 
cent, of a bushel measure. The necessity of using sand from the 
same pit for testing is therefore all the more obvioua 

It is frequently urged that in carrying out works, sufficient time 
cannot be allowed for the sand-testing of cement. In small works 
this is often tme, but the difficulty might in most cases be over- 
come by the local and municipal aathorittes providing a cement 
store, and purchasing direct irom the manufacturers the cement 
required for their small contracts. The cement could be procured 
on their deciding to carry out the works, as an interval of a month 
or six weeks is usually occupied in advertising, preparing the con- 
tract, and other preliminaries. A clause might then be inserted in 
the fipocification to the effect that the contractor would be supplied 
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with all the oement required, at a stated price per ton. In this 
way a Tiaefnl check upon dishonesty woold be exercised, '|a8 the 
exact quantity required would be known to the sarreyca ; and it is 
certain that good cement would be used in the work. 

We next have to consider the qnestion of a standard specifica- 
tion, but before doing bo it will be useful to further oonsider the 
question of fineness of grinding. 

Exp^iment will prove that in cement to the ordinary specifica- 
tion ot 80 per cent, to pass a 2500 sieve, about 23 per cent, will be 
retained on a sieve of 5800 to the inch, and that this residue 
possesses no cementitious propertieB. Such a cement may be pur- 
chased alongside the London wharves at about 288. per ton. Bat 
ohvioosly as we have but 77 per cent, of useful material, and 23 
per cent, of clinker, which we may value at 2s. per ton — the price 
of sand — the cement really costs much more. For instance if we 
buy 100 tons we pay liOl. for it : — 



£139 le 9 



so that, omitting amall fractions, the cement really costs U. 15s. Qd. 
per ton. 

Now cement, ground to pass 90 per cent through a 5800 mesh 
neve, may be purchased at 33a. per ton, and 100 tons will cost 
165?.:— 



The 10 tons of olinker at 2(. 
The dO tabB oT cement at 86t. M. 



BO that an apparent increase in price of 5». per ton, really is not 
more than 8d. per ton. It is also obvious that as we have more 
cement proper in the finely-ground article, we may use more sand 
in making mortar with it. In some experiments which the author 
made with standard sand and cement, he found that the quantities 
of mortar produced with varying proportions of cement were as 
follow : — 

1 volamennd, 1 volnme cement made 1-5 Tolamct moiiar 
„ „ 2 volames „ „ 2-4 „ „ 

., !* " .. .. 2-85 
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Now snppose ve dasiie to make mortar with cement to the 
No. 1 spefflfication in the proportion of 1 of cement to 2 of sand. 
The ingredients are — sand, cement, and clinker. The cubic yard 
{21 ■ 04 bnabels) is a convenient measure of volumes : — 



2ciibiay&n1eofsandBt2(. Sd 4 <i 

eonbicfeetofclililieiat Id. 6 

21 oubio feet of cement at U. 4^ 19 3 

Total .. £1 H 8 

The product will be 24 cubic yards of mortar, costing 14*. Sd. 
per cubic yard, exclusive of the labour of mixing. Here we have 
21 volumes of cement to 60 volumes of clinker and sand, or 35 per 
cent. 

Now in the second case we will take 1 yard of the finely-ground 
cem^t and 21/ yards of sand, costing : — 

£ t. d. 

2} cubic yardi of wnd at Z*. 3<1 5 7} 

2-7oubiofeetofclinkeiatld I} 

24'3cubiofe«tof cement at I*, fid 1 11 5 

£202 

The product will be 2 ' 85 cubic yards of mortar, coetiag 148. Id. 
per cubic yard, and we have 24 ■ 3 volumes of cement to 71 volumes 
of sand and clinker, or 34 - 22 per cent, so that, as a matter of 
fact, we may use tbe more finely-ground cement with a larger 
volume of sand, and produce a mortar costing practically the 
same, whilst "ws may be quite sure that, vrith the sand test, the 
finely-ground cement will he both safer and better. 

In suggesting the following specification, the author feels that 
as Town ISuTYeyors are among the largest consumers of cement in 
this country, uniformity of quality for the cement used by them 
is desirahle, aa tending to tbe production of high-class work, and 
aa providing tbe makers of cenkent with a guide, which, without 
unduly harntssing them, shall enable them to turn out a cement 
of really good and uniform quality. If all specifications were 
alike, the manufacture of the article would be simplified, and 
better results would accrue. 
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StTGOKBTED SpBOIFIOATIOM, 



Weight. — 112 pounds per Imperial bushel. 

Specific QravUy. — 3 "10. 

Setting. — Time of setting at leaat 1 hour. 

£iXpansion. — Thin pat sampleB to be made np on glass, and to 
be kept moiet for 24 boors, then half are to be immeiBed in water, 
and, after the expiration of 48 hours, cracks are not to be apparent 
in an; of the samples. 

Grinding. — 90 per cent, of every sample tested is to pass 
through a sieve having 5800 meehee per square inch. The 
wire for the sieve to be No- 86 B.W.G, 

Sand. — The sand for testing is to be perfectly clean Leigbton 
Buzzard, only that pasBing through a sieve of 400 meshes per 
square inch, but being retained on one of 900 meshee per square 
inch, bemg used. The wire for the sieves to be No. 33 and No. 
34 B.W.G. respectively. 

Neai Testa. — The cement when tested neat, mized with about 
20 per cent, of water, shall be capable of sustaining a tensile str^ 
of 480 pounds per square mch, seven days after being made into 
briquettes, during the last six days of which the briquettes have 
been immersed in water. At the expiration of 28 days, the 
bnquettea shall be capable of bearing a tensile strain of 600 
pounds per square inch, having been immeraed in water during 
the last 27 days. 

Sand Testa. — One part by weight of cement and three parts by 
weight of standard sand are to be mixed with aboat 10 per cent, of 
water, the whole to be well mixed for 5 minutes, and then to be 
well beaten into the mould with a light spatula for 1 minute. The 
briquettes are to be placed in a shallow zinc-lined bay, and covered 
with a moist cloth for 24 hours, after which they are to be totally 
immersed in water for 27 days ; the briquettes are then to be 
broken, and the average tensile strain to be sustained by ten 
briquettes shall not be less than 225 lbs. per square inch. 

Teatinff. — The strain is to be apphed at the rate of 100 pounds 
in 15 seconds. In all cases the mean of ton teats are to be taken 
as bemg oonclusive. 
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DISCUSSION. 

Mr. T. DE G. Mbadb : I liava mnch pleasure in moYing a vote 
of thanks to Mr. Crimp fi>r thia very able paper. It is most 
intoreating to ns all, and to me particularly, bemuse I have been 
regnlarl; testing cement for the past nine years. I find his 
specitication very neer to what I have been using for the last two 
years. 1 used to specify a cement to pass through a sieve of 3600 
meshes to the square inch, with a residue not exceeding 10 per 
cent and a tensile strain of 350 on an inch section. We gradually 
got it ap until, two years ago, the cement we used conformed to the 
following BpeoificatioD, viz. 5800 meshes to the square inch, with 
a residne not exceeding 10 pet cent., tensile strength 420 lbs. to 
the inch section, and weight 112 lbs. per bnshel. In practice I 
find the weight of the cement slightly exceeds 112 lbs. — it gene- 
rally weighs 114 lbs., but mnch depends on the maimer of filling 
the measure. In making the briqnettes they ehonld not be beaten 
into the mould. Now that is a very important thing. The per- 
centage on the tensile strain is more affected by that beating into 
the mould than perhaps any gentleman here imagines. I nse a 
small trowel, spetaally made, and a quantity of water not exceeding 
25 per cent. With some cement it is difficolt to get it to work 
with less water. There is a way, with the exercise of some little 
skill, by which it may be worked with less water, and I do not think 
I should be overstating it in saying that I could get 10 to 15 per 
cent, better results in the tensile strengUi. There should be uni- 
formity in all cases. I find that by specifying not lees than 20 
and not more than 25 per cent, by weight of water, you get some- 
thing approaching uniformity. On one occasion, a gentleman 
came to my office from a cement works, to show what he could do 
in mixing cement almost dry, and he did succeed in getting results 
from his cement that were really very surprising. The results 
were obtained by ramming in the cement with the trowel handle 
and a sqoare piece of wood. I think the principal thing to aim at 
is to get uniformity in every case, not to test with sand in one case, 
and with neat cement in another. This ramming business, with 
nine men out of ten, will be a &ilnr6. We want to get something 
that will pass a certain standard, and we do not want to put a speci- 
fication before the makers that they cannot conform to. I have 
no difBcnlty in getting a cement to exceed the specification I have 
mentioned, viz. of 5800 meshes to the square inch, a residue not 
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exceeding 10 per ceDt., and a tensile ebrtJn of 480 lbs. to the sqiaare 
incli ; but in moet cases it weighs slightly in excess of the 1 12 lbs. 
Although the sand and cenoDt testa are iostractiTe, I objeot to 
Bpeoify them, because of the difficolty in getting the sand at all 
timee of nnifoim quality. 

* Mr. Eujcs-Glabk : It is deBirable that nnifbrmity in regard to 
cement should be obtained if possible. The German engineers 
have for a long time recognised this point. One of the great mann- 
fiiotniete of this country told me be wae making twenty different 
kinds of cement — at least he had twenty different speci£catiotiB to 
work to — and if it would be posdble to compare notes and agree on 
some teste, it would be satisfactory. It is said on good authority that 
although the Metropolitan Board of Works spedfied cement ground 
to exceeding fineness, it was found impracticable upon tbeii large 
works to get cement ground so fine as their specifications men- 
tioned, and it was the habit of their engineers to allow a greater 
quantity of cement to be used, and a lesser quantity of aggregate, 
to make up for the coarser cement than wae specified. When we 
built the sea wall at Hove, we should have had very great difficulty 
in obtaining a cement snch as specified by Mr. Crimp. We there 
used a cement which left a residue of 10 per cent, on the 2,500 
sieve. In 1872 I buOt the sea wall at Kamsgale, where the action 
of the sea has been constantly on the cement joints. I was 
over those works the other day, and the cement in all the joints is 
in magnificent order ; nothing could be better. I am inclined to 
think fine grinding has been poshed to an extreme limit. Of oonrse 
with a very finely-ground cement, you cannot get a high standard 
of weight. With a moderately fine ground cement, having a residue 
of 10 per cent, on the 2500 sieve, and a weight of 114 lbs., taking 
care that the cement has been Itiid bat and tamed over so as to 
aerate it, yon are likely to get a cement which will do engineers 
credit. . 

Mr. GoHDON : This paper is one of very great interest to 
myself, but under the conditions we are labouring this afternoon, 
having so much work to do, it would be impossible for me to 
give yon my experience with cement. I have there on the table 
a bundle which would occupy much longer time than can bo 
allotted to me, but it may be of interest to yon to know that 
the reference that has been made to the sand test was introduced 
by myself in Germany in 1867. At that time the German 
manufacturers were tax behind the English, and it iras because 
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I was besieged b; maiia&ctQrerB, iu starting Uie works at 
Frankfort, to take their oement, and that thia, tlut, and the other 
maniifiictarer had a reputation, that I said to them " Yoor reputa- 
tions are most likely all right, but I begin de novo here." I began 
the sand teat of three to one, which has prevailed thronghoat the 
country since, and was, I believe, shortly afterwards introduced 
more generally into England. I hare continued to use that teet up 
to the present day. I regret to say that I cannot agree with Hr. 
Meade that a uniform test is only to be obtained by testing the pure 
cemeut ; I think that is a mistake. Yon must t^t, id my opinion, 
pure cement concurrently with sand mixed with it. Every cement 
brought before me is t«eted on these lines. I have tested them one 
to one, and two, three, and four to one, and I have found that a 
cement which was of equal quality vrith another as pure cement, 
when yon applied the test of sand, and the same quality of sand, 
equal tensile strains were obtainable &om one of these cements 
with a mixture of four of sand, as against the other with only 
three of sand. That proves there was something about one of the 
cemente, which though of equal qnahty with another as pure cement, 
greatly enhanced H/a value when mixed with sand. I had con- 
tinuous tests made for seven and a half years in Germany, and 
th^e number of tests during that time were about 22,000. During 
the last lour years I have continued simihir t«sts, and while I 
approve generally of the specification set up by Mr. Crimp, I think 
he will fiud that he is setting up too high a standard, and that it 
will be practically imposaihle for mann&ctnrers to comply on a 
large scale with such a test The more the cement is calcined no 
doubt the better, hut you cannot get it of this quality in the large 
quantities required for large works. The sand test of 225 per 
sqnare inch in 27 days is too high for general work. I will not say 
more now, because it ia a subject on which I could say a great deal, 
and give yon many- results, were it not out of place on the present 
occasion. I am especially pleased with one thing in the paper. 
On page 9 the author has given yon a statement of the quantity of 
mortar produced by the miitnie of one volume of sand with one 
of cement, and so on up to four. I could supplement that test, 
carrying it up even to fifteen. It is by such teata as these that 
you have the advantage of knowing what kinds of concrete may be 
used to work economically for your Corporation. If the engineer 
has large cement concrete works in hand, and is not well up in 
these points, he may vniate a good deal of money. I am ex- 
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ceedingly pleased we bave had ft abort paper &om Mr. Crimp of 
such Talne, but it is a paper vhicb will bear enpplementing and 
carrying further on some fatnre occasion. For the satiafiiction of 
Mr. Santo Crimp I ahonld like to state that the whole of the 
works I carried out on the Continent were on the principle 
advocated by Mr. Crimp, and that we contracted for the cement 
and supplied it to the building contraotora. 

Mr. Angell : I hare been a very large user of concrete, and I 
have made large concrete sewers, and bave bad many conTeisations 
with the late Mr. Grant thereon; the difficulty I have met 
with is, not only to get the makers to work up to the test, but to 
get it in sufficient quantity. For the sand test you require it at 
least a month in advance, and if the contractors do not keep up 
Block what are you to do ? Yon have to foil back upon the seven 
days' neat cement test. Then the local cement manuiacturers want 
to know why their cement will not suit, and regard your tests as those 
of a faddy engineer, and altogether an unpractical idea. Locally, 
in towns yon have very great difficulty in working up to the 
standard. I would urge all present to have their cement properly 
Qp to the standard, and dinegard those mercbantfl who will not 
work up to the test. A weight of 112 per boehel is eomewbat 
lower than I should be prepared to accept. The suggestion in 
the paper to pnrchase your own cement is a very good one, but, I 
think, difficult to carry out under our present system of contracting. 

The Fbeswbmt : The best way out of the difficulty would be 
for corporations to lay in a large stock of cement for themselves. 
I think it is right we should have a uniform standard specification 
for cement, which might either emanate from ourselves or from the 
Institution of Civil Engineers. It would obviate the very great 
difficulty we have now in preparing specifications for our 
contracts. 

The thanks of the meeting having been voted with acclamation, 

Mr. W. Surro Cbikp, in reply, said : I thank yon very much 
for the kind way in which you have received this paper. This is 
the fourth time I have had the pleasure of submitting papers to 
this Association, bnt it is the first occasion on which I have had 
the honour of reading a paper, as, unfortunately, I have hitherto 
been unable to attend the annual meeting. Most of the gentlemen 
who have spoken agree that uniformity as regards specifications 
for Portland cement is deHiraUe. I see, in the conrse of a year, a 
great number of specifications, and unless I were to make extracts 
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&om them, and Bnbmit snch extracts to the meetiDg, memberB 
would not beliere that mch mbbish could be initten. Un- 
fortnnatel;, the writerB will not be reached by this paper, as I am 
qnite sore they are not members of the Association. It is simply 
impossible for ihe cement mannfaotorerB to comply with one-half 
the conditions fonnd in these spmficationa Hr. Lewis Angell 
said we conld not get the cement to the snggeeted specification in 
quantity gnffioiect for large contracts. It cannot always be pro- 
cured, for the simple reason that maoofactnrerB are making cement 
to perhaps twenty different specificatitaiB ; bnt if all specifications 
were alike, or nearly so, as mnob cement conld be made as nnder 
existing conditions, and, as a consequence, we shonld all get the 
cement we reqnired. I am glad to say we hare no local merchrats 
in Wimbledon whose influence with my Board is greater than 
mine, and I think anrreyore are often to blame themaelTea if 
such ocmditiona prevail With regard to the weight of cement per 
bushel, it appears to be thought that 112 lbs. is too light; but I 
take that weight in conjnnctioQ with the other testa, and I submit 
that with this specification you will have no difficulty in getting 
a cement weighing 112 Ibe. to the bushel. Of course, with record 
to the sand test, you may moke it or leave it alone ; there is a neat 
test preceding the sand test, and if your cement meets that, 1 have 
no doubt it will be a good cement ; bnt the neat test cannot be as 
reliable as the sand test, for the reasons mentioned in the paper. 
In drawing up the suggested spedfication I hare had the advan- 
tage of consulting one or two mannfoctnrers, and they concur in 
saying they would rather work to that specification than to the 
twenty difierent ones to which they are working now. 
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SEWER VENTILATION. 
By AECHIBALD H. FOKD, A.M.I.C.E., 

GONBULTINQ EmQINEEB TO THE FutZHAH UsiOH HuOAIi 

Sanitaei Authokitz. 

AxTHonaH, no donbt, the quoBtioii of sewer Tentilstioa has been 
Mj brought before jron at several prefiom meetmgs of yoor 
Assoeiatioii, jet I think 70a will agree th&t no perfectly satia&ctory 
solation of the problem haa yet been reached, and that there is 
scope for further inveetigation in regard to this matter, which is 
of BO mnch importance as affecting the pnblic health. 

Whatever opinions ma; be held by medical and other scientific 
men, as to the action of sever air, in causing typhoid fever and other 
diseases (and opinions differ), it is, I think, almost tmiversaUy 
eoneeded, that sewer air, by infecting food or drink, or when oon- 
tinnonsly inhaled, does prodace much dreaded diseases. 

Sewer air (or, as I have seen it called, " aerial sewage ") and 
typhoid fever, are so aasooiated in the public mind as cause and 
effect, that it may sometimes possibly happen that epidemics, or 
individual cases of disease, are attribnted to defective sewera or 
drams, or to their imperfect ventilation, when the actual cause 
might be found in some other direction ; bat these are points for 
medical and chemical experts to determine, it is sufficient for 
engineers to know, that sewer air is dangerous to health, and to life, 
and often sxceediDgly offensive to the sense of emell, nnder onr 
existing systems of ventilation ; to secure, that every proposed 
remedial measnre, shall receive at their hands the meet full and 
impartial consideration. The evils resulting from imperfectly 
ventilated sewers have been known from the days of the Bomans 
(as evidenced by their works), and are now so oniversally re- 
cognised, and indeed dreaded, that I aball not venture to occupy 
your time by enlarging npon the consideration of this part of the 
subject 

The beneficial eflect of diluting sewer air with cool fresh air, 
mW probably not be questioned. Experienced analysts, tell us that 
free and nncombined oxygen, invariably present in natural waters, 
is practically absent in sewage, and that an excess of nitrogen is 
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fonnd m the ail of sewers, the oxygen having been consumed by 
acting npon the organic pollutions. 

Attempts have therefore very natorally been made from time 
to time, to secure the dilution of the sewer gas in the sewers, by 
creating continuous and regular currents of fresh air along them, 
bat hitherto without any marked success, owing chieSy, in my 
opinion, to the retarding forces at work within sewers, viz., the 
friotion of the sewage current on the air, the expansion and con- 
traction of the air by constant changes of temperature, owing to 
the entrance of hot and cold liquids, and also to the Tatying ebb 
and flow of the sewage. 

What I have to suggest for yonr especial consideration and 
discussion to-day, is the feasibility of overcoming the retarding in- 
fluences to the free dilution of air in sewers, and the creation of 
continnous and regular .air currents, for their ventilation, by pro- 
viding sewers, with a special, partially disjointed or disconnected air 
passage, bs shown by the diagrams and specimen pipes which are 
now before you, and which special air passage I may at once say is 
the subject of recent patents in this, and foreign countries by 
myself and Mr. E. G. Wright of this town. 

By this arrangement, we claim to be able to obviate the objec- 
tionable and imperfect system, which is at present almost nuiver- 
sally resorted to, of permitting the undiluted foul gases from sewers 
to discharge at road suHaces, the ventilation on our system, being 
secured by means of the air passE^, in coDJnnction with a down- 
cast and upcast shaft and a current of fresh external air, which, in 
the application of the system to sewers, we advocate should be 
forced into the air passage, so that, imder pressure, part of the air 
escapes from the air pasnage into the sewer, through those openings 
in the former which are nearest the downtake shaft, rendering the 
air at that end of the sewer cooler, and therefore heavier, than at 
the other end, near the uptake shaft, thus continually forcing the 
lighter and vrarmer air into the air passage, and expelling the 
diluted sewer air through the uptake abaft, into the open air above 
the roots of building. 

Yon will see by the diagrams and ventilating pipes, that the air 
passage is small compared with the sewer, and you will realise 
that by resort to the special air passage, not only is the friction of 
the sewage flow on the air currents obviated, but that sudden 
expansions and contractions of the air which take place in the 
sewer, would have a considerably less efiect in the air passage than 
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in the sewer, and consequently, that n cnrrent of fresh air can be 
secnred and brought ander control in the air passage, as to its direc- 
tion, witbont resort to any considemble force, which we consider a 
Tery important and self-evident adrantage ; and which also renders 
available a simple and economical method of creating a cnrrent, and 
forcing in fresh air, by means of jets of water, acting in the down- 
take abaft ; which I will presently describe. 

It has been held by high anthorities, that to overcome the retard- 
ing forces at work in a sewer, a cnrrent of snch great velocity wonld 
be required, as wonld imperil the wat«r aeais of the traps of adjoin- 
ing hoose drains. We claim that by resort to a special air way 
not only is the force reqnired to create the air cnrrent rednced, bnt 
the risk, with reference to the traps is obviated, as the force of the 
air current is confined to the air passage, which, being at the top 
of the sewer, is not connected with the branch drains or house con- 
nections, the movement of the air in the sewer itself, being secured 
by the arrangement of openings in the air passage, which is thns 
made to act as a fresh air distribntor all along the sewer, the gases 
not being able to escape b^ore they pass into the air passage, and 
become diluted with tl^ fresh atmospheric air, while stagnation, and 
accnmuUtion of foul gases is rendered impossible. 

Many eminent opinions might be quoted, condemnatory of the 
system of ventilation of sewers by openings in the road. I will 
content myself with quoting one, viz, Mr, Wm. Geo. Laws, Borough 
Engineer, of Newcastle, who, in a paper read at the Congress of 
the Sanitary Institute of Great Britain, in 1882, pointed out very 
dearly, and in a tone of sarcastic condemnation, which I think is 
excellent, the evils resulting from the open gratings at the man- 
holes, and he said, " that as a means for securing that every person 
passing by, shall breathe the greatest possible amoont of poisonous 
gas, this arrangement is almost perfect ; but as an outcome c^ sanitary 
engineering effort it is depressing." Yes, as matters stand, it is 
indeed depressing, and engineers who are called npon to devise 
schemes of sewerage, commence their task vrith the knowledge that 
the exit of sewer air at the roadway, is considered by the most 
experienced members of the profession, as the best knovm means at 
our disposal, and the ^t is forced upon ns, that engineers of to-day, 
are littie if at all in advance of those of QSj years ago npon this 
important question, which so closely afiects the public health. 

I will now refer to a paper read by Mr. B. S. Brundell, C.E., 
at Doncaster, in 1882, before a Northern Counties Association of 
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Medical Officers of Health, oe the Ventilatioa of Seweis, in which 
it vas advocated that it was not only nec«flBai7 to ptoride Tent, 
but to ensure also a carrent of fresh air, and that a constant 
interchange between the onter air and the sewer ahonld be aimed 
at ; he also advised that where there was a tendency for the gases to 
travel op the sewer, flap valves should be placed, so aa to stop the 
upward cnrrent, and urged that main sewers should be sysifiinati^ 
cally flnshed. 

Mr. Masters, in a paper read at the same meeting, on the 
" Circnlation of Air in Sewers," expressed his opinion, that " the 
most effectoa) means of oreatiBg a good current of air in sewers, 
and ensoting the ventilation and thorough cleansing of the sewers, 
was by a constant stream throngh the whole length of the sewer 
(instead of an occasional one) at a velocity of not less than 3 feet 
per second." 

" It had," he said, " been proved that air would follow a stream 
travelling at 2 feet per second, in preference to rising to the highest 
point of the sewer." 

I fully ooncnr in the desirability of securing a constant inter- 
change of air between the sewer and the outer air, inside the 
sewer ; but how this can be accomplished in a reliable and 
eoonomical manner is an unsettled point with engineers. I submit, 
however, that the provision of a special air passage, snch as I have 
described, can greatly help to solve the difficulty. 

All engineers who are responsible for the proper working of a 
system of sewers will agree that efficient arrangements for the 
systematic flashing of the sewers is an essential adjunct to any 
system of sewer ventilation, and I qnestion whether there is any 
better, . or more ecconomical, way than by a mnch more general 
resort to the use of antomatio flushing tanks, which we advocate 
should be provided in connection with our system, to utilise the 
water, by means of which we suggest that the fresh air can be first 
economically introduced. 

The proposition that a constant stream of sewage should be 
muntained in sewers, sufficient to carry a stream of air with it^ 
seems to me quite impracticable, owing to the ever varying fluc- 
tuation in the volume of sewage and the changing gradients ; but 
it raises tiie qnestion of the friction of the sewage flow npon the 
air currents, which I believe is a point that has not hitherto been 
sufficiently considered, as a practical difficulty to be overcome. 

There can, I think, be no question that in a sewer of ordinary 
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GonBtrnction, laid with Boch a &I1, as would constitate a eelf- 
cleanaing gradient when rnnning even less thaa half-full, that the 
water drags the air Garrent along with it ; but when the volame 
and rapidit; of the Sow of sewage subsides, as it does in most 
sewers at night, and during many hours of the day, the ait onirent 
is then rerersed, and follows its natural coarse to the higher por- 
tion of the sewer, or sewerage eystem ; thus the air coxreats travel 
first in one direction and then in another, and this friction of the 
sewage npon the air, much as it may facilitate s cnrrent of air in 
the direction of the sewage flow, constitutes a very disturbing 
element in every existing system of sewer Teotilation. 

Begnlarity of action is one of the first eesentialB to be secured, 
as inlets for fresh air into sewers, could be put anywhere so long as 
engineers conld rely that they would under all conditions act as 
they are intended, while foul-air outlets can always be put in posi- 
tions of safety, high up above the roo& of buildings, or in other 
positions above the atjooepheric air we breathe. 

The great desideratum seems to me to be, that after fixing the 
position of both fresh-air inlets, and foul-air outlets, with the best 
judgment under the particular oircumstauceB, they shall act as 
designed, constanUy and regularly ; and I submit that by the pro- 
vision of such a Bpeoial air passage as I have described, thk desirable 
result can be seciu^ 

In submitting a proposal which provides for the ventilation of 
sewers by introducing frosh air, I must be permitted to quote the 
opinion of Dr. Angus Smitii on " Air as a Sanitary Agent." 

In an address at the Sanitary Congress in 1883, this eminent 
authority (although not con&ning bis observations to sewers) said 
he " came to the concluHion that a current of air either carried 
away the organic matter with it, decomposing it and turning it 
into gases, or if it was not possible for the ozygm alone to do 
that, it might happen that the oxygen destroyed those minute 
forms, which had been shown to be concomitant with putrefaction 
and decay." 

" A similar mode of thought had previously led him to consider 
that it was the want of that excess of oxygen that caused confined 
sewer gasee to be so dangerous." 

" As putrefaction seemed not to take place without the action 
of o^ianisms, he had the idea that it might be arrested by an 
abundant use of air, and he had some belief that oxidisation took 
place yefrj rajndly after putiefiustion." 
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" The; conld scarcely doubt that pntre&ctioD took place more 
rapidly when tlie organic mattets were dilated to a very consider- 
able extent with water; aeration not only prevented putre&ction, 
bat prevented also the chemical action consequent on it. Nitrates 
were also more readily formed in aerated than in non-aerated 
a of sewage." 

" If the oxygen was fonnd to diminish the actirity of those miante 
moving particlee which formed or produced chicken cholera, as 
Paetenr had Bbowa, and if oxygen also put an end to the decompo- 
sition of sewage in a manner rapid and decided, so that decomposition 
would not begin i^in for some two or three weeks, according to 
the weather, they might aak how far it might be nsed directly in 
the destniction or weakening of microbes in other dtuations." 

That is a strong opinion in favour of the use of &esb air to 
destroy the effects of putrefaction. Sanitary engiueers, are, how- 
ever, ftdly alive to its oxidising powers, and have proved their faith 
in air as a sanitary agent, in dealing with sewers and sewage. In 
our sewage farms we know its marvellous effects, and even in the 
so-called ventilation of sewers, we rely upon air to counteract the 
baueftil influence of the escaped sewer gases at the road grids ; bnt 
I am of <^inion, that what shonld be aimed at, is that this great 
sanitary agent, which nature provides everywhere in unstinted 
abundance around and about ns, should be made to do its work 
systematically and surely inside the sewers, and not, as at present, 
alter the dangerous gases have escaped at the road grids, or galleys, 
under our very noses, to be breathed often, I doubt not, be£ire the 
great sanitary agent, fresh air, has had time to perform ite health- 
saving worL 

If time had permitted, I should like to have referred in detail to 
some of the patents that have been granted in connection with the 
ventilation of sewers. Between 1867 and 1876 there were, I find, 
thirty-six relating te the snbject, hut as the abridgmente of specifi- 
cations &om 1876 are not yet published, I cannot speakte the 
number since that date ; judging, however, by the records in the 
professional papers, they have been nnmerous. 

Excluding those which proposed passing the air through char- 
coal, the preponderating idea with the majority of the inventers 
has been in the direction of creating air carreuts in the se^er, and 
dilating the sewer air, bnt very few of them seem to huve known or 
realised, what Sir Joseph Ba^algette reported with regard to the 
experimeute in 1858, on the sewers near tlie furnace of the clock- 
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tower of the House of CommooB, viz. " tliat tliere exist in seners 
velocities amonnting to lOU feet per miaate and apwarda," owing 
to tte forces to which I have preTJonsly referred ; or the opinion 
of Colonel Haywood, speaking on the same subject, viz. " That a 
downdrangbt so complete as to be superior to the di£Fdfdve power 
of gases, you cannot start with a Telocity of lees than two miles an 
hour." 

The Chelsea Vestry in 1888, experimented on a sewer in their 
district by means of downdrsnghts from cowls, on a system 
patented by Mr. Harringten, which dispensed with the road 
Tentilaters ; and although the recorded results rarj, as might be 
expected, according to the force of the wind, the beneficial eSeaU 
of diluting the sewer air with currents of fresh air, were, I think, 
fully demonstrated. 

Mr. Strachan, the Surveyor to the Vestry, who took the 
observations himself observes in a paper recorded in the Minutes 
of the Institution of Civil Engineers, that " Instead of the slimy 
coating of bloisb-white matter that adheres to the crown and 
sides of the sewers, Tentilat«d by openings in the roadways, there 
ia a dryness for at least 100 feet on each side of the downcast 
shaft, and then a gradually increasing dampness, is found until the 
upcast shafts are reached ; at these points the crown and sides of 
the sewer are damp, but the moisture is clear compared with that 
of an ordinary sewer ; the air passing out of the upcast shaft 
having a very slight smell of sewer gas." It should, perhaps, 
be noted, that the sewer where these experiments were made was a 
dead ended one, of large capacity in proportion to the work it had 
to perform, and that, tikerefore, the retarding action of the sewage 
flow upon the air currents was not considerable. 

I am of opinion, that a more certain and reliable power than 
wind must be resorted te, for the purpose of diluting the air in 
sewers with fresh atmospheric air, and in securing continuous and 
regular air currents ; and on this subject it is worthy of note, that 
sixteen years ago a Mr. Pettifer secured a patent, (now of course 
expired) for inducing a current of air, by a finely, divided stream of 
water falling through a chamber to which air was admitted, and be 
states that the current of air may be employed amongst other 
purposes, for the ventilation of drains, ^s the result of recent 
experiments with ordinary rose jest (some of which were made in 
the presence of your President), I have no hesitation in saying 
that this method of introducing freeh air into sewers provided witli 
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a Special air passage, will be found reliable, cheap, and efficient, 
where water maine follow the routes of sewers. 

Theae sniall jeta of water consuming 15 to 20 gallons as 
boor, at the coet of a few pence only for each, for a day of twenty- 
fonr hoars, can perform a threefold office, viz. the cooling of tlie air 
by its contact with the water ; the introdnctiou of volumee of that 
cooled air into the sewer, throngh the medium of the air passage ; 
and finally the flashing of the sewer by means of aatomatic 
flnshing tanks in connection with the manholes. 

There are, however, Tarions other sources of power by which 
air can be introdaoed into sewers, bat I doabt wheUier there is any 
BO economical, or so generally available, as that I have above referred 
to ; one other I mtiBt, however, mention as being likely to be 
available in our large towns in the near future, and that is 
electricity. 

Yon will, no doubt, have followed the recent strides towards 
the more general introduction of the electric light in tovma, and I 
believe the time is not tai distant when sanitary authorities, or 
electricity companies, will have their network of conduits running 
nndergronnd side by side with oar sewers in oar large towns, 
carrying power, capable of working taaa to supply fresh air to the 
fieweis, and regulating the air currents. 

In conclusion, I may say that we confidently anticipate that 
the system of ventilation I have described, will bear the test of the 
practical experiments to which it vrill, we hope, be shortly 
submitted nnder the searching investigation of yoor able Presi- 
dent, and other engineers, and I believe the time will come when 
monicipal and sanitary engineers will consider the introduction of 
Tolnmea of &esh cool sir to mix with the sewer gases, inside the 
sewer an absolutely necessity, and when the volumes of fresh air 
and the air currents will be regulated upon a sound system, which 
will demand and receive as much attention at the hands of the 
responsible engineers as the proper working of the sewers them- 
selves, and that such a system of ventilation will resnlt in the 
prevention of many diseases to which the populations of our 
large towns are now subjected, owing to the present haphazard, 
and altogether unscientific and imperfect means resort^ to for 
the ventilation of sewers. 
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Mr. T. W. Stainthobfe : Aa one of the ycmngest memberB of 
the Afisocistion present I have much pleasoia in propoamg a vote 
of thanks to Mr. Ford £or his paper. Thia is a Bubject in which 
I have taken great inteieet for Beveial years. I should jnab 
like to suggest that the list of experiments be published in the 
* Minutes of onr Proceedings,* and I should also like to ask 
Mr. Ford what quantity of water he used in conducting these 
experiments. 

Mr. Elltob Clabe : I have much pleasure in seconding the 
vote of thanks, .i Any contribution, or rather any thoughtful con- 
tribution to the question of the ventilation of sewers must be 
welcome to an Association of Sanitary Engineers. It is a subject 
which for many years has engrossed our attention. As you know, 
there is a Committee now sitting, which is coUeclang &om the 
engineers of this country, America, Germany, and France, all the 
available data upon what is undoubtedly a very complex question. 
I do not agree entirely with everything that has been said in the 
paper, stiU while the questioD remains in its present nnsatiBfactory 
condition it cannot too often be discnssed. I would joet observe 
that in page 143 there is an allusion to some esperimente made by 
the Chelsea Testry in 1888, and if you will turn to the Proceed- 
ings of this Association for 1873 you will see a record of the same 
experiments being made with the same results. In passing, it 
should be mentioned we have subjects brought before us, which, 
if we bad a good index of our ' Proceedings,' it would be seen had 
been discussed over and over again, and to-day we have been talk- 
ing over one or two material points, eepecially in the Erst paper, 
which have been discussed — I was going to say ad nattseam — but 
have been discussed fireqnently. The patrat which has been 
taken oat by Mr. Harrington is in my opinion not a valid one, 
because I was the author of the proposal to rentOate sewers by an 
inlet lur cowl Any gentleman is perfectly at liberty to go and 
try that method of ventilating sewers. I tried the experiment 
referred to by Mr. Brooke of passing water in the ventilator of the 
sewer at Hove some years ago. The novelty about the present 
arrangement, if I understand it rightly, is bAving a pipe on the 
top of the sewer, containing a number of openings with au induced 
current, that will establish an air flow between the inlet water 
spray ventilator and the outlet, and that the air of the sewer will be 

L 

DolzedbyGOOglf 



146 DI8GUBBI0K. 

sncked up by the cnrreiit throngh those biiibII openingB. If the 
ftnthoi has tried the expeiimeDt and established it I have nothing 
to say, bnt my obeemttious are opposed to tha theiuT'. I hare 
been mostly engaged in seaside places, where the force of wind has 
more to do with the air cnrrents in sewers than any other factor 
of diBtnrbance. The intercepting sewer at Brighton is seven miles 
long, and parallel to the sea. Ton might have a gale &om the 
north blowing at rigljt angles to the sewer, and air stagnation in 
the sewer itself, bat if yon had a moderate current blowing 
parallel or nearly parallel to the sewer, there is established a 
draught in the direction of the wind, sometimes opposite to the 
waterflow, and sometdmee in the direction of the waterflow. It will 
be very interesting to know if this partly old and parUy new 
method is a snccees or not. We are exceedingly obliged to the 
anthor for his paper. Any solntion of this T^ed question will 
be warmly welcomed by Mnnicipal Engineers. 

Professor Bobinbon: I should like to ask if Mr. Ford has 
observed whether the fur of the sewer is mored into the lur passage 
by the actitm of an induced cnrrent. I have had something to do 
with air transmission and there is no reason why yon shonld not 
have an indnced flow. If yon have a cnrrent of sufficient velocity 
yon will get an induced flow as in the injector, but it involves the 
question of the transmission of air, the consideration of which 
cannot be gone into here. 

The Pbesideht: I think yon are perfectly clear as to the 
method Hr. Ford proposes to adopt. I have been present on one 
or two occanone when the experiments were being tried by him, 
and I can vouch for some of the experiments, the results of which 
yon see on that table, fiat the whole crux of this proposal for 
sewer ventilation is, will the air in passing along this tube at the 
top of the sewer, will the air passing at some velocity along that 
pipe induce the aii of the sewer to follow it ? Dutt is the crux of 
the whole thing. I have asked my Corporation to allow me to 
spend a little money in trying this system on the sewers of the 
Corporation of Portomouth. I think there is a great deal in it, 
but what will come of it I cannot say, but I hope oU some future 
occasion to give the benefit of my experimente to the Association. 

The vote of thanks to Mr. Ford baring been adopted with 
applause, 

Mr. Fosn said in reply : I have to acknowledge this very kind 
vote of thanks you have passed to me and to express my apprecasr 
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tdoa of your attention to my paper. I have been asked first, vhat 
vertical drop was in the downtake pipe nsed in my experimentB to 
introduce air into the air passage by means of a water jet. I hare 
tried it with pipes, as shown by the diagram, 2 feet, 4 feet, and 
6 feet, and found the result practically the aame. With regard to 
the observation that there was no novelty in the Chelsea ezperi- 
ments, I had previously heard it saggested that the patent referred 
to had been anticipated, but if it be so, that does not depreciate Qio 
value of the experiments I referred to which ahowed the advantage 
of introducing &eeh air. Frofesaor Bobinson has asked about an 
induced current. An induced current might be obtained, but in 
the application of the system as shown by the diagrams, we divide 
the sewers into sections by floating valves, and we compress the tax 
of the sewer by forcing in the external air gently throDgh the air 
passage by the action of the water jet ; the cold air thus escapes 
from the openings in the air passage near the downtake shaft into 
the sewer, and the lighter and warmer air of the sewer is thus c(m- 
^ually forced through the other openings near the uptake shaft, 
and into the open air. Experiments which I made with smoke 
rockets, at the suggestion of the President, showed that the current 
of ait induced by water jets acted in the manner described. 
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IMPROVED JOINTS FOR SEWER PIPES. 

By C. G. LAWSON, A,M.I.0.E., Southoatb. 

Ih commenciiig this the Antbor desires to draw your attentioa 
to the Ter; valoable paper read by oar newly-elected President 
at the District Meeting held in Brighton, March 15th, 1884. 

The prelimmary remarks for such a paper as this are bo ably 
set ont by Mr. Bonlnois, that I may at once proceed to the 
description of thoTarions joints proposed for discussion, illoBtrating 
them in alphabetieal order, 
I, Aboheb'b Patent. 
n. Doolton's Patsnt, 

IIL HAfi8AiJ.'s Fatxkt. 

I. AaoHBB'a Patkht. 

This is deecribed as " The Archer Patent Air and Watertight 
Bewer and Drain Pipe," and can be obtained &om various mann- 
factnrers or licensees. 

This joint is formed by constructing the sockets and spigots 
with a groove or doable socket and tongne ; the groove forms the 
socket, and the tongue the spigot. The tongne is made smaller 
than t^e groove, so as to obtfdn a chamber for the cement or such 
other material as may be nsed to run or complete the joint. On 
the socket of the pipe will be observed a pair of oval apertures, 
which are placed within about one inch of each other ; these are 
nsed for mnning the jointing material, and must always be at 
the top. 

The joint is formed ontside the pipe proper, and in a manner 
quite different to that of the ordinary joint. On referring to the 
illustration or models yon will observe that the socket is mnch 
thicker and deeper than nsnal, the spigot provided with shonlders 
and a bevelled bmcket having its exterior flush with that of the 
socket. Until recently, the inventors had some dilSoulty in 
manofactormg the pipee in a single piece, but that is now over- 
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come, and when the pipe leaves tbe machine it ia oomplete and 
ready for bnming as yon now see the Bpecimens. The joint is 
made by standing the pipe spigot upwards on the ground or planks 
alongside the trench, and fixing fillets of well-tempered clay, not 



TOP VIEW. 

too rongb, on each shonlder to a height or thickness <^ abont half 
an inch, each ring of clay being thoroughly nnited as laid on. The 
pipe ia lowered into the trench and the spigot forced into the 
socket of the pipe already laid ; it most be well driven home by 
means of a block of wood and heavy mallet or levered np vrith an 
iron bar nntil the flanges nearly meet and portions oi the clay are 
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&rced ontwardfl and inwards. If the pipes are very latge they 
had better be very ahghtly slniig during the latter operatiioi. The 
interior of the pipe must then be examined, when it will be 
observed that the joint is aapporiang all nnmd it thin finngee of 
clay. Thie is perfectly harmlees and will soon be washed away or 
drop off. Having boned and ranged the pipe, also eecnred its 
position laterally, yon may proceed with the laying of others, or 
complete the joint by fixing a piece of tempered clay ondei the 
division between the two boles so as to prevent the jointing 
material mnning both ways at one time. A donble onp of clay is 
then formed round the holes similar to those need ka nmning lead 
jointo, 80 as to give the cement a head, and the joint is finished by 
pouring in a quantity of neat liquid cement or other material, 
which expels ^e air and gradually rises up the other opening, 
bringing with it any water that may be in the joint chambw. 

Immediately afterwards tap the joint with a mallet to make sure 
no air babbles have formed. 

The cement joint has now asstuned the shape of an annolar 
channel ^ and forms a strong keyed joint 

If there is any defect in the joint it is readily proved by the 
cement not rising into the second opening bnt escaping inside or 
outside the socket. Such defects are mre, and easily remedied. If 
there is any difficulty in obtaining good clay, fine tongh hair mortar 
will make an excellent sabetitnte. By manipulating the clay cups, 
joints may be formed at any angle. The patentee claims for this 
joint equal ntiUty for gas muns. Fipee with these joints are b^ng 
manu&ctnred in oast iron, and the Imperial Stone Company at 
Greenwich are now making a quantity of these joints on 18, 21, 
and 30-inch concrete tnbes. 

In the case of teconstmcting a snbeidiary main sewer, the snthor 
has recently laid some of these pipes in a trench which runs through 
some open reservoirs and in a valley adjoining a watercourse. Water 
came in the trench daring, the prc^ess of the works, afterwards 
standing outside the pipes without entering or disturbing the 
same. Sewage was always admitted at the close of each day's work, 
without any extra pumping to pass same on, aa in the case of ordinary 
pipes. 
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II. Doulioh'b Patent. 

This IB deecribed as " Donlton'e Patent Self-adjosting Jomt," and 
is owned and prodnced by the well-knowB firm of Messrs. Heniy 
Donlton & Co., lAmbetb. 

It is an artificial telescopic tamed and boted joint, having the 
spigot BO fbnned that the jcnnt is capable of a little extensioQ and 
deflection without affecting its watertightness. 

The pipe is mannfaotnifid in the otdinaiy way and the joint 
afterwards applied. This operation ma; take place either at the 
mannfactory or sewer works. The pipe is prepared by oorrngations 
on the spigot and socket and the onteide edges slightly chipped to 
increase the adheffion. The black material forming the joint is 
ran on both spigot and socket by means of tnmed metal moulds, 
is a fosible composition, very hard, and capable of resiBting ordinary 
atmospheric chuigee. Each portion of the joint is lefi with a dean 
smooth finish, so true that it is difQcnlt to properly unite or 
separate the pipe unless a lubricant is used. Immediately the 
spigot is forced home in the socket the joint is perfect. The pipes 
are laid in the ordiuary way, but care must be taken to prevent 
damage to the joints when being handled or shifted bom place to 
place. A speinal lubricant in the form of grease is supplied with 
the pipes, but the anthor has tried and is of opinion that cold tar 
and paint are much better. No other joint is made as rapidly as 
thee^ and titongh somewhat fiezible the same care must be used to 
keep the aewer in a stuught line. 

Pipes having this joint are very osefol as temporary mains for 
conveying wat^ or sewage across or under lands and reads of very 
uneven Hur&ces, and may be shifted for repeated use &om place 
to place without injury to the joint. 



III. Hassaix's Joint. 

This is described as " Hassall's Patent Safety Pipe Joint. " It 
is apparently a comlnnation, and not unlike a tamed and bored 
joint with a cavity or anrnilar chamber of rectangular section, 
formed by the grooves on the spigots and sockets of each pipe, 
afterwards filled with Hqnid cement, which really forms the 
joint 

The pipes for these jointo are specially constracted, being made 
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with deep sockets, and the black oompoaition similar to Donlton's 
and Stanford's. The spigots and sockets are each scored or 
combed so as to receive the cconpo^tion ; this operataon can either be 
carried out at the mannlactory or sewer -voiks. The compostion 
is nm into moulds, which must be carefnlly centred, learing the 
&cee perfectly smooth and dose fitting. 

It will be obserred that the composition is moulded with corre- 
sponding tapers on the spigot and socket, so as to form a dual joint 
and s chamber to enclose the cement. 

Before being lowered into the trench each spgot and socket is 
painted with an oily plastic composition which acts as a lubricant, 
and fills up any space between the two joints, at the same time 
prerenting the loss of any hquid cement. The pipes must be laid 
with the two holes in the socket upwards, and may be boned and 
ranged in the ordinary way. 

When the spigot of the foUower pipe has been forced or driven 
home, a small piece of tempered clay must be carefully fixed under 
the division between, and a double cup of cUy fbm^ ronnd the 
two holes on the top of the pipe. The hqoid cement or other 
jointing material is then ran in one hole nntil it overflows the other, 
expelling air and any water that may have entered the joint cham- 
ber from the trencL As soon as the cement is ran, the socket 
should be tapped with a mallet to make sure all air is brought to 
the snriaoe, and the joint is complete. 

The patentee aaeeda that the black composition is exceedingly 
strong and not liable to atmospheric changes or compression by 
heavy wdghts. 

CONOLCSIOK. 

The author has selected these jcaats as being worthy of con- 
sideration, and each possessing excellent qnahtiee, besides being 
Buoh as will facihtate the duties of the inspector or clerk of works, 
inasmuch as he can &om the surface of the ground see the joints 
run and prove themselves good by the risiug of the cement In 
the case of the Donlton joint the inspection is a very simple 
matter. 

Each member is advised to consider which joint is most 
suitable for his particular circumstances. If any manufacturer or 
patentee does not consider foil justice has been done to him, or is 
deeiroos of supplementing the iniformation, and is represented here, 
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no donbt the PiesideDt will give him an opporhmitiy of fnrtiher 
enlightening the members of this Association, 

Probably Bome member has expected this paper to inolode the 
Stanford joint ; the author regrets that a joint which haa appar^tly 
led to the invention of other improved joints npon snoh similar 
lines, conld not be referred to as an improvement, hnt is of opinion 
that great credit is dae to that inventor. 

It is not desired to dispnte that good work has been done in the 
past with joints made with cement and tarred gasket, sewers bud 
in concrete or pnddle, and other inventions for special joints, but it 
is considered there is a necessity for a simple bat satisiactory joint. 
The great consideration with special joints which may be teamed 
ready-made is the cost thereof but the engineer will find the real 
extra cost to be bnt small when compared with the actnal cost per 
lineal yard of sewer executed, and certain to be quickly saved in 
working expenses. There is less cost of treatment of sewage, tees 
liability of danger of pollntion of sabsoil wat«r, and the aeweis 
will carry more sewage. 

In selecting watertight jcnnts for sewers, the following points are 
advisable. 

1. The joint should be in the hands of more than one or two 
mannfactnrets, so that a fair contract, as required by the Publio 
Health Aot, may be entered into. 

2. The joint should not be liable to damage when in coarse of 
transit, or when being lowered into the trench. 

3. The joint should be constructed so that the invert is always 
in a straight line, and able to be tested by a straight-edge. 

4. The completion of the joint should be automatic and so simple 
that a good ordinary workman may be trusted to make the joint 
without having to adopt any unnsoal precautions, ot the desired 
effect being dependent npon his extra carefal manipulations. 

5. If the joint can be prepared in stoneware the pipe mast be 
moulded and bamt in one piece. 

6. The joint should be of such a material that it cannot be 
affected by storage for any length of time, or be infineoeed by 
atmospheric changes. 

7. The ends of all pipee should be conoentric, even in thickness, 
and square to their axis. 

8. Plenty of junctions sfaoold be inserted in the sewers, the 
stoppers fixed watertight so as to w^stand internal prernnres, and 
a strict rale enforced against any future displacement d the pipes 
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for a ooDQection, unless a manhole bottom is formed, and that 
-nithont disturbing the invert. 

9. Pipe Bewers are generally looked npon by contractors as ?ery 
unimportant, bnt it is not so. 

10. When laying pipes in rnnning sand the same preoantions 
ahonld be taken to ensure a solid bed for pipes with special joints 
as for ordinary onee, or the joints will be injured. 

11. All joints must be capable of being made when the pipe 
is partially nnder water, and those deseribed in this paper can be 
so formed, and the water admitted immediately they are completed. 

12. The joint most he capable of a ready iaspection, and, if 
necessary to be nm with cement, so arranged that a nnmber may 
be quickly treated together. 

18. If necessary the pipes mnst be selected, tested, sorted, fitted, 
and nnmhered on the snr&ce. 

14. In testing pipes do not pat too great a strain npon those to 
be actually used. . Select pipes from best clays only, and those 
known as stoneware or the nearest to it which are good bastards. 

15. The cement nsed for rnnning joints most not be new, and 
should be re-sifted before b^ng mixed with the water. 

16. The joint must be such that no roots can penetrate the 

17. The joint mnst he capable of withstanding the hydranlic 
test of a small head of water within 36 hours after the joint haa 
been mn. 

18. Unless sewers are laid in concrete, or the pipes made of cast 
iron, they shonld not be expected to work nnder a large bead of 
water. 

19. The joint mnst be capable of being completed at any angle. 

20. The joint must be so formed that when the pipe is driven 
home the socket of the preceding pipe cannot be split. 

In conclnaion, the Anthor deeiree to point ont that no matter 
what joint is used, the pipe shonld be secured in its final position 
before the joint is poajtively completed, so as to prevent any move- 
ment whatever, either horizontally, vertically, longitudinally, or 
laterally, which is snre to be the case if the bed of the pipe is 
packed with loose earth, just to make it bone correctly, and the 
snbseqnent filling roond carelessly carried oai To meet this 
difficulty, when the pipes are not embedded in coDcrete, the author 
has for the past few years adopted with great satislaction the plan 
of laying all pipes their full length, sockets included, npon a bed 
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of Tflry coarse cemeot mortar, aUowing the aame to rise well up 
the hanndiefl. The pipes used are in 2-foot 6-iDcb or 8-foot 
lengths, and vedgee of earth inserted into each side between the 
pipe and the trench. All danger of fractnre of the joint or sewer 
b; the heavy weight of the refilled trench ia avoided. The packing 
ronnd the pipes is made with fine eoU, and no lifting takes place 
b; OTer-zealoQB ramming or inflox of water. The cost &>r labonr 
and material is very snuJl compaiad with the benefits derived. 



DISCUSSION. 

Mr. W. Bbookx : I have mnch pleaanre in proposing a vote of 
thanks to the author for his paper. I remember something very 
similar to the joint (Archer's) when I was Assistant Engineer at 
Hove, Brighfam ; and I have asked a friend of mine to find oat 
what the number of Archer's patent was, bnt be has been enable 
to find same. With Archer's joints I have just laid a length of 
400 feet of 9-incb pipes, fonr of which broke off the socket of tiie 
preceding pipe when driven home. From the manner in which 
the sockets split, I shonid imagine the same had been fixed to the 
pipe after it had been made. I drew the patentee's attenticm to 
this, and he informed me they were making a different pipe now. 
As these pipes had only just been pnrohaBed, I did not see why I 
shonid not have the latest improvements ; as they state the pipes 
are made difierently now, this difficnlty should no^ of coarse, arise 
again. We had to condemn abont fifty of the pipes. In consequence 
of the presBure in fixing the collar on the parent pipe, the pipe 
was forced oat of shape, thos preventiDg the pipe being tme inside ; 
bat the inventor tells me this tailnre has been rectified. I think 
it is 88 well to mention, as r^rds Eassall's joint, I have also used 
abont 3 miles of that pipe in various sizes, and have fonnd that, 
althoagh we had as much as 8 feet of water to dear firom the 
trenohee, we made very fine and to all appearances water-tight 
sewera. The Arober joint, as well as Hassall's, is very quickly 
made, even by inexperienced workmen, and both make practically 
water-tight sewers. 

Mr. Eaybs: I do not agree with Mr. Brooke in one of his 
remarks that we do not want sewers to go up and down. We 
want sewers to meet the circamstances of case. In a inining district 
like my own, where considerable sobsidences take place, it is very 
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neceesaiy to have pipes that shoold go Tip and down, thongh tbey 
generally go down. 

Mr. H. J. Clabson : I should like to say a word about Hasaall's 
patent pipes. I have seen seTeral miles of them laid in a head of 
7 feet of water, and seen them tested afterwards, when they were 
perfectly water-tight I have now prepared a system of drwnage 
Csr the place I represent, with these pipes, and there is no donbt 
they are the best pipea that yon can nse in a water-logged district. 
I hare no donbt, &om the test I have applied, they are the right 
pipes for QB to use. I ahould recommend engineers in other towns 
in similar cases to nse them also. 

Mr. F. Shtthb : I should like to aek the author if he has laid 
Archer's pipes with clay joints. Donlton's made some for me fire 
yeais ago. I wanted a joint more flexiUe than cement would 
allow, and I struck the idea of Archer's joint. It was an idea 
which I did not carry out, for the reason that Donlton's entertained 
some difficulty in nuiking them. I should like to know whether 
he has used any of these joints in clay. The difficulty I found 
with them was this : when the clay was filleted in all round the 
joint, and the socket came to be pat in, the clay was jammed 
against the end of the socket when the pipe was poshed home 
into its proper place. 

Mr. J. Lbuon said : There is a good deal of (Oedit due to the 
mann&ctnrers and patentees for the joints that have been brought 
out. I have used most of these joints, and I most say, they are 
not BO satisfactory as the patentees represent. I haTe used miles 
of the Stanford joint. You may set that joint on this floor and 
make it water-tight, but when yon get it in a trench it is altogether 
different. I have lately used Donlton's joint in Portland cement 
concrete, but it is not water-tight. I gave an order only last night 
to have it taken up, and relaid with iron pipes. I have no donbt 
most of these joints are water-tight under special circumstances, 
when they are laid by experienced workmen on a ground like this 
fioor, but when they are laid by laboarers, even under superrision 
they are not satis&ctory. I haTe come to the conclnson that the 
only sewer to lay in water is an iron pipe, and whenever I have 
any more sewers to lay in water 1 shall lay an iron pipe. I do 
not wish to deprecate any of these joints, but a great deal more 
has to be done if we are to get a water-tight joint. 

Mr. J. Fabeeb (Nottingham) : May I ask yon, Mr. Lemon, if 
yon have Tised Hassall's patent jinnt P 
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Mt. Lbvok : I mnfit repeat what I have said, that I hare not 
foDnd axLj of them water-tight. I have not used EaBsall's joint. 

Hr. J. Fabkeb (Nottingham): There are 15 milee of it at 
Honnelow, which is a water-tight sewer. 

Mr. A. Bausdrh : I think I can prove to any gentlemaD, or 
any member of this Association, that the Archer pipe is a water- 
tight pipe, and I shall be only too happy to teat it in any way 
any member of the Aaaociation likes. The author states, with 
regard to the Donlton and the Hassall, that the black composition 
is not aSected by the atmosphere ; I find that is not the case, inas- 
much as in a very hot son the composition drops off, and I think 
there are members of this Association who will find it is correct 
that, donng a very hot smi, the composition, which is composed of 
tar, sand, and snlphor, is affected in that way. 

Professor BosiNdoti : We are on rather ticklish ground with 
this paper. It is evident the interests of the patentees are coming 
in conflict in this diacnssion on the seToral forms of joints. The 
paper refers to Stanford, and the sequence in the paper pnts 
Stanford last and Archer first. The order in which they should 
come is — Stanford, Haasall, Archer, and then the more recent one 
of Donlton. I had occasion to examine all these pipes, and report 
spedally on them. I think the form of joint shown by Hassall 
had superiority over others. In a E^>eeoh I made some months 
ago, I referred to these Tarions joints and described the Archer 
joint as the last in the field, but the reporter misunderstood me, 
and made it the beat. It has since been advertised that I gave it 
as my opinion that the Archer was the best, which I did not do. 

Mr. GoBDOM : I quite agree that we are drifting on to dehcate 
ground. I think it rery undesirable that a controTersy as to 
patents should take place in this room. We are all much obliged 
to Mr, Lawson for giving us the information, but when it comes to 
a question of patent pipes, or any sort of patents, I think we must 
confine ourselves to the results obtained by gentlemen using those 
pipes, because that is the sort of information that will be of use to 
the Association, If its inflneoce is to prejudge the joints of any 
manufacturer, I think it would be better for gentlemen to give 
information as to joints as they have found them, and it should be 
leit for gentlemen to go into the question of price with the makers 
of the particular joints they use. Every one of those joints have 
their respective merits, and if we are to begin to discuss the merits 
in the presence of the patentees, I am afraid we shall be rather 
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trenehiiig upon the feelings of those gentlemen. I hare used 
Bome of these joints, and I will tell 70a that the onlj fe&r I have 
in respect to them — and mind it is only a fear, I Imow of no failure 
of them at loeaent — is ae to the nse of cement. Any jomt made 
with cement leqniree the engineer to be carefol that he does not 
get a contracting or expanding cement. Mr. Brooks referred to 
the failure of 400 feet of pipes at the point where the sockets were 
tamed on to the pipe. Bat was there not the possibility of the 
cement being an expanding cement and so splitting the socket ? I 
hare made a good many experiments as to the expanding and con- 
tracting properties of cement, and have bad many differeat cements 
the expansion of which has broken glass bottles and tubes used 
for the purpose of testing those qualities, and there is just the 
possibility, when cement is used for jointing, of its splitting the 
socket, if the cem^t happens to be of an expanding character. 
Apart from that there can be no doabt each of the special joints 
have their good properties. I am Tery pleased to bear Professor 
Bobinson refer in rery kind terms to tite memory of the pioneer 
of these jconts. It ia to Mr. Stanford, whose memory many if as 
reTere, that we owe the joint which pared the way for the inrentire 
genius of others to follow on like lines, and to try to improve 
his joint. The Haesall and Donlton joints owe mach to the 
labonis and geoins of Mr. Stanford. I hope nothing that is said 
with reference to these pipe j(nnts will caose the mannfactarers to 
think that we are doing either one or the other an iojostice, or 
that we shall not be delighted for them to oontinne their efforts 
to 6%ot farther improvements. 

Mr. EiiUOE-GiiUtK ; Withregard to Archer'BJoint,if the patentee 
will go to the Hove Town-yard, he will see tbf^ joint was made for 
me eleven years ago. My object in designing it was to get a joint 
filled with espbalte, bnt I abandoned it becanse the asphalte got 
cold and woold not ran round the socket I agree with Mr. Gordon 
that these particnlar patents may be need with advantage in different 
localities. There are certain places where of neceesity yon must 
go to a large expense to get an absolutely watertight sewer. I 
should be very sorry if anything that is said here to-day shonld 
lead the inventors to think we deprecate the improvements they are 
making. Nearly all the improvements that have been made in 
this reepect have been made oatside the profession of Mnnidpal 
Engineers, who have not the time, or the same indacements as 
outside inventots have ; and I think where man spend their time and 
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tlieir capital — and a large amomit of capil^ haa been epeai in 
piodocing these joints — they sbonid be encouraged. I again ezpreea 
the hope that inTentots, instead of having their efforts stopped by 
anything said here to-day, will know that engineerB appreciate 
their, efibrts, and will be enconraged to believe that where a par- 
tioolar joint is requited, engineers will use it without partiah^ to 
any iudiTidaal. 
The Tote of thanlcs to the author was adopted with acclamatiou. 
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NOTES ON ELECTRIC LIGHTING. 

By E. J. 8ILC0CK, Asaoo.M.lKBT.C.E., Aflfloo.lNBT.ELEo.EHG., 
BoBODOH Emoikbsb, Eihs's Linn. 

Intboduotoht. 

Skveoal papeia on electric lighting appear in the ' Proceedinge ' 
of this AsaociatioD, bat they were, with one exception, all delivered 
by non-membeis, and the discoaaionB which followed them were 
very meagre ; this ikct tends to show that the membera generally 
did not on thoee occasions take that interest in the snbject which 
it demanded. 

Ab, however, electric lighting may now be said to have passed the 
experimental Btage and reached the practical, and recent legislation, 
by extending the time before local aathoritiea can compnlsorily 
buy up the andertakinga of private companiee, has removed the 
only bar which for the last year or two has prevented capitaliBts 
from entering the field, this indifference shontd not be allowed to 
continue. 

We may expect in the very near futnre that central lighting 
stations will be established in most of onr large provincial towns 
as they are now being established is the metropolis and other 
places. 

Our clients are in most cases interested either as a body or as 
private individuals in gas-works, and therefore it is probable that, 
in many towns, Corporations will not themselves mn electric 
lighting stations ; this, however, will not prevent private com- 
panies being started, as the Board of Trade baa now power to 
grant Provisional Orders to Companies where Corporations refnse 
or neglect to undertake the work. These private companies vrill 
come into onr midst, they will break up our streets, interfere with 
extensions of oar sewers, drains, gas-pipes, and water-mains, and 
generally ride roughshod over public and private rights, unless they 
are duly restricted when obtaining their Parliamentary powers. 

To whom, then, mnflt our Corporations look to adviae them in 
obtaining these proper restrictions ? There is no official connected 
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with out mniiicip&l governmenta, except the horongh engineer, 
who is at all competeat to oope with this qnefition ; and nndonbtedly 
it is the daty of every Member of the AaBOciation to make himaelf 
master of the subject, so that when the time comee we shall be able 
to advise oar reepectiTe clients in this matter as we shoold do 
in any other engineering undertaking. 

Oar duties estend farther than this ; when once a Company is 
started in any town, one of the first places that the nndertakera 
will seek to light will be oor manici[»l bnildiogs and streets, and 
the borough engineer will be called upon to design the consamer's 
part of the work of installation ; and in some cases, where the 
Corporations take np the central station lighting tbemselves, we 
may be called apon to design the works of supply. 

There is also another view of the qneetion : the work ot the 
profession is generally nnder-eetimated ; no doubt this arises from 
what is ignorantly deemed the ordinary nature of oor work, and 
its want of special character. By adding to the datiee of the 
borough engineer that of electric lighting, a natural addition to 
his work will be made which will be deemed extraordinary, and so 
to some extent act as a set-o£f against the want of appreciation in 
other respects. 

The altematiTe to the borough engineer doing this work will be 
that electrical engineers will be called in, and we shall see a new 
department formed in our towns, the work of which should 
naturally, and will ultimately, come into our hands; the latter 
eretit, however, not taking place until the work has become 
ordinary, and all benefit from the introduction of the work has 
passed away. 

This view of the qaeetion, tc^ther with the rapid strides which the 
science of electrio lightmg has made since the last paper was read, 
induced the author to bring the subject again before the Associa- 
tion. He does so with the feeling that the time to which he ia 
limited is quite inadequate to cover all the ground ; but as he has 
made a special study of the question, and passed an examinaMon 
of the City and Guilds of London Institute, and had practical 
experience in the work, he deems it a duty at this juncture to giro 
to tlie AssociatioD all the inibnnation he can upon the subject. 

This he proposes to do by giving the following leading features 
and the particular pointa to be noted in electric lighting installa- 
tions: — 
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Units op Peoduotios. 



Before going into tuiy detail of conBtniction it maj be well to 
say aometbiiig as to the broad lines on wbicb an installatioii is 
designed. 

The first point to be considered is the number of lamps required, 
and here a word of warning mnst be said, m. " be liberal." 

The public generally expect more of electric light than they do 
of gas ; they look apon elecbic lighting as something very brilliant, 
and if, in replaciog gas, the same number of candle-power only is 
proyided, the pnbhc will be disappointed. 

Ineandescent lamps are nenally of 16-candle-power and S-candle- 
power, bnt to avoid confusion we will consider all lamps to be 
16-candle-power; each lamp requires about 50 to 55 watts of 
ene^y to supply it with hght to give a fair life of eay 1000 hours. 

Arc lamps as a rule are made of 2000-candlQ-power nominal, 
bat the actual available hght is about half that; amount ; they 
usually take a current of 10 amperes at 45 volts potential to run 
them, or 450 watts. 

We have now a means of determining the amount of power 
required for any installation : take the number of incandescent 
lamps and multiply by say 55, and the number of arc lampe 
multiplied by eay 500, and the sum will be the total number of 
watts required. 

Divide this total by 746, the number of watts in a horse-power, 
and we hare the electrical horse-power which mnst be produced 
by the dynamos. To this must be added 10 to 15 per cent, loss 
in dynamos and mains, and we then get the aggregate brake horse- 
power which the engines must transmit to the dynamos. 

Clearly for safe working this power must not be all concentrated 
in one engine and dynamo. 

The next point therefore to be considered is the sizes of the 
engines and dynamos to produce this power, or the Frodudng 
Units, and this is a point which requires very careful consideration. 
As a rule it is best, as will be seen later, to keep arc lights and 
incandescent lamps separate, and to so arrange the units that there 
b always an engine and dynamo standing idle in case of a break- 
Assuming a case where 100 horse-power is required &om the 
engines for incandescent lighting only ; a good arrangement in 
BUfih a case would be to have fire engines and dynamos each 
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nonnally working 25 horae-power, but capable of giving oflf 
33 horse-power if reqmrod, there wonld then be proviflion for a 
double break-down wi^ only 25 per cent, more plant than actually 
reqniied. 

Enaons. 

High-apeed engines conpled direct to the dynamo offer great 
adTantagee. They tate np little room, and avoid all losses of 
transmission by belting or other methods of gearing. 

Steam-engines are always to be preferred to any other form of 
motor in large installations, unless water-power is available, bnt 
good work can be done by gas-engines. 

The most important point abont the engine of whatever type it 
may be is that it shall be well governed. Electric lightiI:^B; can 
never be sncoeesfdlly accomplished unless the engine runs at a 
perfectly nniform rate at all loads. 

Engines are not nnfireqnently governed electrically, bnt there 
are several mechanical governors which are very satififactory, and 
electrical engineers seem very divided in their opinion aa to the 
advisability of nsing electrical govemois. 

QflB^ngines are very convenient for small installations as they 
can be so readily started at a moment's notice, and can often be 
introduced into positions where steam-engines would be inadmis- 
able; but for large installations, the gas-bill is too heavy in 
comparison with the coal-bill of a steam-engine. When gas- 
engiuea are used they should be provided with heavy fly-wheels, 
as should also the dynamos worked by them, and they dionld be 
worked as nearly at full power as practicable, as they run much 
more st«adily with heavy loads than when rtmning tight. 

Dynamos. 

Dynamos may be said to be divided into three claseea, known 
respectively as series, shunt, and compound-wound dynamos. 

Series dynamos are used for arc hghting, and are so-called 
becanse the main current from the conmmtator is taken round the 
magnets and used as &e exciting current. 

^unt dynamos are used for charging secondary batteries 
principally, and are so-called because the exciting current is a 
shunt taken off the uuon current on leaving the commutator. 

Gomponnd-wound dynamos are used for incandescent lighting ; 
the tem compound is appUed because the magnet winding is 
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compoead of two parte combining the windings of the two previons 
classes. 

The principBl difference in these Qitee windings is that the 
senea-winding produces a constant current, but the electromotiTe 
force can be varied by altering the speed of the engine. This ie 
exactly the condition reqnired for arc lamps, which are nearly 
always arranged in aeries. When, therefore, more lamps are pot in 
oircnit the electromotiTe force can be raised whilst still keeping 
the original current, 

Shunt dynamos are used for charging batteries, becanse if the 
engine slows down and the electromotive force of the dynamos 
falls below that of the batteries, and the current is reversed in the 
armature, the electriflcation of the magnets is still snch as to 
oppose an electromotive force to that of the batteries, thus 
preventing a sudden rush of current throngh the low resistance of 
the Bjmatnre, which would be followed by burning of the armature 
winding. 

Compound-wound dynamos are used for incandescent lighting. 
The object of the compounding is to keep a constant electromotive 
force with a varying corrent. Incandescent lamps are nearly 
always arranged in parallel, so that as more lamps are switched 
into circuit the current increases ; but it is of the utmost impor- 
tance to keep the electromotive force constant, as the effect of a 
very small rise of electromotive force on the lamps is very 
injurious. 

Theoretically a compound-wound dynamo should give a constant 
electromotive force whether there is one lamp in circuit or the 
TPftTJnriTiTn number, but in practice it is nsnal to give a slight 
increase of electromotive force as the current increases to com- 
pensate for the resistance of the wires. 

The most important point about a dynamo is its efficiency: 
- there are several dynamos in the market tonlay which give a 
commercial efficiency of 90 per cent, and even higher. It is 
a great mistake to economise to the extent of a few pounds in the 
first cost of a dynamo if that economy is at the expense of the 
efficiency. 

And here a few words may be said in praise of electrical 
engineers. It is to their credit that machines can be purchased 
giving an efficiency of 93 and 94 per cent., that is to say, for 
every lOU horse-power transmitted to the dynamo from the 
engine 93 or 94 are returned in the shape of electrical energy 



.V Google 



K0TK8 ON HLBOTBIO LlaHTLNQ. 165 

for utilisation ontsiiie the macliinfl. It is only & few years since 
dynamos were first made commercially, and yet we have now in 
oar hands machines wliich are more perfecst than any other type 
of machine. 

The tnrlonfl is perhaps the next most efficient machine, bat the 
beet torbinee do not give more than 75 per cent, efficiency. 

An instance of the rapid improvement in dectrical machinery 
may be given. The anther was connected with an inetallatioQ put 
down in 1883, the dynamos of which were considered good at ^lat 
time. They gave an efficiency of about 66 per cent., and to-day 
they are working aide by side with dynamos which were deHvered 
ander contract to give an efficiency of 94 per cent. 

The efficiency of a dynamo is measnied by taking the electro- 
' motive force between the terminals with a voltmeter, and the 
namber of amp&res with an ammeter in the external circnit, these 
two qaantitiea maltiplied togetlter and divided by 746 give the 
electrical horse-power in the external circnit ; this qnantity most 
then be compared with the brake horse-power delivered to the 
dynamo by the engine at the time Uie teat is taken — the ratio of 
these two qnantitiee gives the efficiency. These tests of efficiency 
shonld extend over varions loads up to the maximnm. 

A fnrther test shonld be made at fnll load for a period of not 
lees than twelve hours, during which time the temperature of the 
magnet winding should be taken, and at the end of the nm the 
tempeiatore of the armature coils. As a rongh test no part of 
the dynamo should ever be so hot that the hands cannot be pressed 
on it without inconvenience. 

It is of coui'se important to see that the bearings are large 
enough, well lubricated, and do not nm hot, and there should be 
no sparking at the bmshes. 

I)ynamoe, if not coupled to the engine direct, should be fixed on 
wood frames, and it is convenient to have a screw and ratchet 
attachment to take up the slack of the belt. 

In all cases the dynamo should be thoronghly insulated &om 
earth, and the insulation of the magnet and armature coils should 
be as perfect as possible. 

In specifying for dynamos, the type of winding should be given, 
and the output in amp^s and volts, and the required standard of 
efficiency, instead of adopting the common method of specifying 
for a 100-light dynamo or a 600-light dynamo as the case may be. 
To spe^ of a dynamo as a hnndred-hghter is all very weU for 
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ordmary conTeiBation, bnt it is quite a different thing to laject s 
dynamo as uneatiBfiEHstory if apecified for in that way ; it may be 
possible to light 100 lights with it in a way, but it is far better to 
make it qoite clear what the outpnt is to be. 

High speeds are to be avoided in dynamos, as they occacdon 
trouble with bearings, excessive wear on commutators and brushes, 
and heating and great medianical streea in the armature winding, 
to say nothing of the necessity for small pulleys and light belts, 
with the consequent loss of power by slipping and extra streesu 
put on bearings. 

As a limit, perhaps 1000 reToIntions per minute is as high as 
the speed should reach, and it is much better to hare a larger 
machine, costing perhaps a little more and running at a slower 
speed. 

It is important that dynamos should not be fixed in rooms 
where there is likely to be much dust, or where any " hazardous 
process" is carried on, or where any "hazardous goods" are 
stored. 

The dynamo station should be well supplied with snitable meters. 
To every dynamo there should be an ammeter for measuring the 
current, and a voltmeter should be so arranged that the electro- 
motive force of every circuit can be measured. 

The dynamos and engines shoold be specified to ran so steadily 
that a difierence of potential amounting to 1^ per cent, ap or down 
should not be exceeded. 

WlEIKQ. 

The wiring of an installation is somewhat analogous to designing 
a systom of wator-mains for a town supply. There are the nuun 
cables, which diminish in size as the branches are taken off, there 
are switohes to cut out any branch or the whole supply, and there 
are safety valves in the shape of fuses. 

All wires should be so proportioned that the cnrrent passing 
through them shonld never exceed 1000 amperes per square inch 
of sectional area of copper, and the difference of potential between 
the terminals of any two lamps shonld not exceed 4 per cent, the 
total electromotive force. 

There should further be a relationship between the cost of 
conductors and the cost of power expended in overcoming their 
resistance. Sir W. Thomson's rule is that the intorest and 
depreciation on the capital account for cables should be equal to 
the cost of the eaeigy alnorbed by their resistance. 
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Tlie coppet sboiild be specified to have & eondnctiTity of not 
lees than 96 per cent, of pure copper. 

The material foimbg the insnlatioD is a somewhat vexed 
qnestion. The class of ca>l6 mostly iised eonaists of stranded 
copper vires tinned and wrapped in cotton. This is covered with 
three coats of vnlcanised mhber. The cable is then braided vriUi 
hemp and the whole immersed in a bitominons compound. 

G-nttapereha is need as an insnlating material, bnt it is nn- 
enitable for positions where the cable is liable to macb change of 
temperature, as the guttapercha softens and the weight of the 
copper core causes decentralisation, which in time destroys the 
insulation entirely. 

In cases where cables are to be laid nndergronnd, lead-covered 
cables are very useful, bnt they are liable to chemical action where 
they come in contact with vegetable acids. 

Indiarubber is made of very different qualities, ranging from 
Is. to 3d. per pound in price ; it is therefore very necessary to be 
careful to specify that only the best quality of that material 
is used. 

like following is the Admiralty test : — 

Take a portion of tbe indiarubber and place it in a steam chest 
nnder a pressure of 60 lbs. of steam (about 30O' F.), and keep it 
there for three hours. Bemove, and put in a dry heat at 270° F. 
for two hours, and then allow to cool. 

If the rubber is then soft and cools without cracking the quality 
is good. The chemical constitution should be specified and tested 
by analysis. The sulphur should never exceed 3 per cent., as it 
attacks copper very freely. The oxide of zinc need not be lees 
than 40 per cent, and if used in a soil or for a purpose vrhere it 
may be subjected to mineral oil, this oxide should be at least 
60 per cent. 

hi testing for insulation two facts should be borne in mind, 
Ist, that a high initial insulation is do criterion of the durability 
of tbe material; and 2nd, that the insolation of the cables and of 
the installation as a whole are two very difierent quantities. 

It is therefore very advisable to specify that the contractor 
shall stand by the insulation for as long as possible. Eminent 
electricians say five years is not too long. 

The reason why the insulation of the installation as a whole and 
of the cables are distinct and separate is this, that there is often, 
especially in damp vreatber, a large amount of surface leakage 
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going on at fittings and joinUi whicb makes tbe iusnlatioa of the 
whole instaUatioD very low ; now if this leakage, instead of being 
in the fittings, vere chiefly in the cablea it vonld show tbat they 
were very defective, and that a fault would occni in them sooner 
or later. 

It is neccBsary, therefore, to test the cables before fixing, and 
Pro£ Jamieson, of Glasgow, adopts the following mle, viz. one 
megohm per lamp for every volt, the coils being submerged in 
water not lees than dx boors, immediately before and dnring the 
teste ; i£tbe coils do not considerably exceed that minimum, they 
are subjected whilst in water to an electromotive force 60 per 
cent, greater than the proposed working electromotive force, and 
again tested. 

The insolation resistance of the installation complete must be 
tested, and the same authority gives us the foUovnng mle — 

where B = resistance of insolation of dicuit, or of generator in 
ohms, 
E = a constant found by experiment horn good examples 

= 100,000, 
E = electromotive force of installation in volte, 
N = number of lamps (I6-candle-power) in circoit. 
This gives us a value for the insulation of the circuit or of the 
generator, and therefore Uie insolation resistance of the two in 
parallel sboold be half that amount. 

This test sboold be made after the trial run, when, if there 
should be any weak places in the insulation, the working potential 
will have had an opportunity of finding them out, and also the 
sur&ce leakage from fittings, &o., will be at a minimum. 

Great care most be taken to ensure good joints. Every joint 
should be made electrically and mechanically perfect. The two 
cables to be joined should be unstraJided and interwoven one with 
another, then soldered, and then the insulation should be made 
good vrith pr(^r insulating materials of the same class as those of 
tiie original cables. 

In wiring public buildmgs it ie advisable, if possible, to arrange 
the lamps on two circuits, in such a way that, should any accident 
take plaoe, only half the lamps in each room will be extinguished, 
and this method lends itself to what is known as the three-wire 
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aystem, in which one of the mala cables is a sort of intermediate , 
cable doing dnty for both dynamos, thus effecting an economy in 
first cost, and ^so in working ezpensee. 

All cables inside bnildings should, where possible, be laid in 
grooves plongbed in well-Tarnished boards, and where wires pass 
fixim one building to another, or throagh thick walls, they should 
be enclosed in c^t-iron pipes ; in no case should wires be boned 
in plaster. 

The cables on leaving the dynamos should be all collected to a 
switch-board on which are placed the meters and suitable arrange- 
ment for switching the different djmamos od to the yarioua circuits. 

Every main cable, branch cable, and kmp, or group of lamps, 
shonld be provided with a switch for taming the current on and 
off, and with a safety fuse to prevent the current rising more than 
25 per cent, above the normal current. All switches and fuses 
shonld be fixed on slate, porcelain, or other incombostible bases, 
and fuses should, if possible, be enclosed in incombostible boxes. 

A revised set of rules for the fitting op of installations to 
prevent fire risks have been recently drawn np by the Institution , 
of Electrical Engineers, and they should be incorporated in all 
specifications for contract work; but as several of the Fire 
Insurance Offices have rules of their own, it is necessary, if the 
buildings to be lighted are insured in one of those ofRces, to 
specify for their rules to be carried oat in addition to those of the 
InstitutioD of Electrical Engineers. 

XiAHPB. 

Incandescent lamps should, as a rule, be used for interior 
lighting. For large public rooms it is usually convenient to 
group the lamps together on chandeliers suspended from the 
ceiling; for lighting private houses, offices, reading rooms, &a., 
where the hght must be concentrated in particular places, the 
lamps can be arranged in groups of two or three or singly, in the 
same manner as ordinary gas-burners. 

Incandescent lamps are usually of 16 or 8-candle-power ; 
although, as previously stated, people expect more of dectric 
light than they do of gas, as a matter of practical experience the 
author has found that given a room or shop satisfactorily lighted 
with gas, which it is desirable to replace by reason of tlie injory 
to goods, decorations, health, &c., an 8-candle-power incandescent 
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lamp snbstitnted for each gas-bnmer will equally light the 
premises. 

The author found that a public reading-room 80 feet by 34 feet, 
lighted with 72 IS-candle-power lamps m gronpe of three, equal 
4*2 square yards per lamp, the lamps being Q feet 3 inches above 
the floor, yias not well lighted, also that another public reading- 
room 9t) feet by 81 feet, hghted by 56 lamps fixed 8 feet 9 inches 
above the floor, equal 6 square yards per hunp, was well hghted. 

This apparent ccmtradictioii could only be accounted for by the 
colonr of the walls, in the former case ihe walls were of a dark 
gi'een colour of encaustic tiles with a roof of dark brown oad red 
mosaic, and in the latter the walls were cream colour and the 
ceiling dead white. 

In a larg« public hall, 130 feet by 71 feet and 72 feet high, the 
author found that 7 electrohers, each bearing 56 IG-candle-power 
lamps, at an average height of 30 feet above the floor, gave but 
a poor illumination ; the same room was subsequently Batis&ctorily 
lighted in point of quantity of light with eight 2000-candle-power 
arc lamps. 

In a recently built art gallery at Leeds lighted entirely by elec- 
tricity, 16-caudIe-power lamps are placed ib groups of four at 
7 feet from the walls, in galleries 28 feet wide, and at a height from 
the floor of 8 feet 9 inches, and have been found very sucoessfnl 
5 feet 4 inches apart. 

In galleries of the same dimensions groups of seven hunps, placed 
the same height from the floor and 6 feet apart, have also been 
found satisfactory. 

Incandescent lamps are made of various reaistences, requiring 
electromotive forces ranging from 40 to 100 volts. On installations 
of any size 100 volts lamps should be need. The lamps are always 
arranged in parallel, though occasionally they are arranged in 
parallels of two lamps in series. 

Owing to recent litigation there is practically no choice of lamps 
in the market at the present time. 

Lamps should never be run at a greater efficiency than 3 to 3 ' 5 
watts per candle, or the interior of the glass bulbs will soon become 
douded by partial combustion of the filament, with a consequent 
loss of light, and the light of the lamp becomes shortened. 

Incandescent lamps have been tried for street and out-door 
lighting and proved an utter &ilnre ; on the other hand, for such 
positions the arc lamp is most suitable. 



.V Google 



K0TB8 ON BLSOTSIO LIQHTIIIO. 171 

For railway stations, covered markets, and similar places, the 
lamps ma; be sospended &om the roof in convenient places, but 
(Jways 80 high up that the lampe will not &11 within the field of 
Tision. In lai^e open spaces the lamps ma; be suspended &(an 
masts. 

In street lighting a 2000-candle-power arc lamp will light np a 
radius of 80 yards when placed over the centre of the street, bat 
only two-thirds of that distance when placed against the buildings. 
The necessity &a arc lights placed in the centra of the street being 
high enough to allow of the passing of a fire-escape is not of vital 
moment, as at moBi it will be only 25 feet, whereas the light is 
aofficient for 80 yards. 

The renewal of tbe carbons in «rc lamps has to be done every 
16 or 32 hours. To do this readily in markets, railway stations, 
&e., the lamps should be suspended hj electric leads passing over 
pnlley blocks, to one of which should be attached a counterbalance 
weight, and the number of sheaves in the blocks be snch that the 
weight will not &11 below the lamp when in position. 

For lamps suspended over the centres of streets the counter- 
balance weight can be arranged to ran up tmd down the sapports, 
and the cord for raising and lowering placed out of reach of foot 
passengers ; the only inconvenience which arises from this method 
is the possible interference with traffic in crowded thoroughfares 
for the short time the attendant occupies in lowering the lamps 
and fixing the carbons, and that at most once a day. 

The number of arc lamps in the market is legion, and great care 
must be taken in selecting a lamp which will give a steady light. 
Lamps should be focussmg, and provided with an aatoma^c cut- 
out, the regulating machinery should be simple, strong, not liable 
to get oat of order, and well protected from the weather. 

Arc lamps are nearly always arranged in series, the number on 
one circuit varying &om 3 to 50, according to the electromotive 
force available. If the number of lamps in aeries be less than three, 
they will not nm steadily unless a resistance is put in circuit as a 
sort of fly-wheel. 

The sathor bos fbood that one lamp will run with a reustance 
of 1-5 ohm in circuit, and two hunps with a reeistance of 2 '5 ohms. 
These resistances of course mean loss of energy, and tbey are 
therefore andeorable, but it often happens that arc lamps can 
be usefully employed on an incandescent system, and they can be 
made to run in that way. 
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Good Cftrbons Eire a necessity for stead; rouning, and the best 
reenlts are obtained with oored poBitive caibons and solid negative 
carbooa 18 mm. diameter. 

AoCUHUIATOHa. 

The prindple of all accumulators is tliat a cnrrent is mn throngh 
a battery composed of lead plates in an acid solution, when oxide 
of lead is transferred from the positive plates to the n^ative, 
making them at a higher potential than the positive plates. We 
have then mechanical energy traosformed into electrical energy, 
which in its turn is transformed into chemical energy, in irhich 
form it can he stored and reprodaced when required in the form of 
electrical energy. 

This double transformation &om electrical energy to chemical 
and from chemical to electrical, canses a certain amoaat of loss, and 
probably it may be stated without being wide of the mark, that 
on an average 30 per cent, of the energy will be lost, or, in 
other words, that the efficiency of secondary batteries as a rule 
does not exceed 70 per cent ; this loss, combined with their large 
cost and the tronble whidi they occasion, does mnch to prevent the 
general adoption of secondary batteries, bnt they offer great advan- 
tages in reducing the number of hours a dynamo has to work at small 
loads, and in radacing the size of the dynamos and engines. The 
light from an accnmolator is absolutely steady, and consequently 
incandescent lamps have an increased length of life when rmi from 
them. 

In cases where power is available during certain hours of the 
day, or where a small water power is constantly available, secondary 
batteries can be used with advantage, as it is then possible to utilise 
at night the power which would otherwise be lost, and they form a 
great feature in one system of central lighting. 

Secondary batteries should be very carefully put up, and means 
adopted to prevent creeping of the acid, which causes leakage. 

Centbai. Liqhtins. 

The central lighting of towns may be effected in one of three 
ways, which may be briefly described as follows : — 

1. Direct Supply. — This system consists of laying down mains 
(which should be on the three wire-system) irom a central station 
and supplying each house direct with the current The potentifd 
in such a case cannot well exceed 200 volts, and the hirge cost of 
the distributing mains makes it practical cmly lor supjdying 
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districts within a radins of half a mile &om the generating station. 
This system is adopted by the St. James and Fall Mail Company, 
and ths Bradfotd Corporatiou. 

2. Tratuformer Syttem. — By this system an alternating ontrent 
is generated at a central station, and conveyed at a high potential 
Tarying from 2000 to 10,000 volts to transformers at various 
points in the districts to be supplied. The traDsformere rednce 
the electromotive force to 100 Tolts, and the current is propor- 
tionally increased ; the current is then distribnted to the hooses 
as in the first method. This system is adopted by the London 
Company, the Metropolitan Company, the House to House Com- 
pany, the Eaetbonme Company, and others. 

3, The Acevmidator System.— By this system a continnona 
cnrretit at high potentia], of from 1000 to 2000 volte, is generated 
at a central station, and conveyed to distributing stations, where it 
is used to charge accnmnlators. The current is then distributed 
from these accnmnlator stations at about 100 volts. This system 
is nsed by the Chelsea Company, and the Rendngton and Enights- 
bridge Companies, and will be nsed by the Netting Hill Bcd 
Westminster CompanieB. 

The relative merits of these three systems are not finally settled, 
bnt it may be said that the direct supply system is practically 
limited to small towns, or to the more densely populated parts 
of large towns. For the supply of large towns from one station, 
or for sparsely populated districts, either the tninsformer or 
accnmulator systms mnst bo adopted. 

The arguments for and against these latter systems are very 
concisely summed up by Major Cardew, in the report of Major 
Marindin to the Board of Trade, published in The Ekfirieian of 
May 24th, 1889, from which the following is extracted : — 

" The transformer system carries the high pressure np to the 
houses. The distributing mains, therefore, are of small size. A 
large district can be served from one station, and the regulation of 
prrasure in the distributing mains can be very good. There shoold 
be no great difficulty in maintaining a standard pressure within a 
variation of 2 per cent. The pressare in the houses may be 
different in different cases, according to the needs or fancy of the 
consumer. 

"It is also a simple system to work, and the dynamos are 
simple, and can be made in easily replaceable parts. 

"On the other band, the high pnesnie necesaitateB great care 
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and expense in inaolatioii ; the conveying of this high preasnre to, 
at any rate, one point on the coneumer'B premiseB, and the risk of 
a contact between this ciicnit and the low-presenre circnit inside 
the honse, mTolvee some risk to life, although it may be reduced 
to a minimnm by proper regnlatione and precantionB ; the main 
cannot be hazidled or connections made when the pressure is on ; 
the regnlation in the honses is not bo good as in the mains, as the 
transformeiB act as a cmtaderable added terastance, and caose an 
increased variation of pressure in the power as compared with that 
in the muns ; the system cannot at present be efficiently ntilised 
for motive power, or for electric deposition or other chemical nsee, 
each as charging accomnlators ; and it is very doabtfnl whether a 
practically socceesfal alt«niatiiig motor is likely to be bronght oat ; 
the system depends entirely on numing machinery, and engines 
and dynamos have to be kept in motion thronghoat the 24 hoars ; 
the general efficiency mast be low when the supply is near its 
minimnm, a condition which, so long ks it is utilised for lighting 
alone, obtains dttring abont 18 hours of every day on the average, 
and a serious accident in the geneiating station might stop the 
supply for a considerable time. Alternating machines cannot be 
so readily connected togeUier to mn in perallel circnit as con- 
tinnons current machines. The measurement of altomating 
current, piessore, and power also oSera considerable difficulty, and 
the available instmments and methods are iar more restricted in 
nomber than is the case wiHi the corresponding quantities in 
continoons snpply. 

"The Ghels^ (Accumnlstor) system has the advantage of high 
pressure between the generating and distributing stations, without 
its being brought into the consumer's premises, and the distributing 
stations may be so nnmeroos that each one serves only a small 
district, and in this way the size of distributing mains may be kept 
down ; the supply &om batteries has these enormons advantages : 
that in the event of a total breakdown at the generating station 
supply can still be maintained for some hours ; that it is not neces- 
sary to keep the machinery at the geneiating station in motion 
throoghont the whole 24 honrs, and that the battoriee provide a 
snpply for the long hours when very httle is required ; tlie system 
has the advantages of continuous currents, viz. appUcability to the 
snpply of motive power, and other uses besides light and heat, and 
greater ease of measurement. The regulation, with small areas 
supplied from each sob-station, should be very good, and there is no 
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doubt that a battery cnrreiit is iees deetnictive to lamps than one 
Bnpplied from dynamos, whether alt«niatiiig or contmnooB. 

" On the other hcind, the cost of the batteries is very great, and 
they reqnire skilled attention, while their efficiency at m aTrifn in 
ontput is probably rather low ; the aatomatic switches are a weak 
point, and any failure in this action wonld probably min the 
batteries at that station ; the insolation of large batteries cannot 
be maintained at all high, and the nameroos joints, in the presence 
of acid fames, are a source of weakness. 

" This system, in which the supply is entirely from accomnlators, 
if it can be succeesfoliy workod in practice, posseesee verj great 
adrantagea." 

Two defects are mentioned by Major Gardew in the transformer 
system, yiz. that alternating dynamoB cannot be ran in parallel, 
and that no snccessfal alternating motor is Ukely to be brought oat. 

The author ventures to think that these two difficulties are 
overcome, and that if Major Cardew were writing his remarks b> 
day, he would not name them. 

All distributing cables should be laid nndergronnd. Many 
forms of conduit hare been devised for the purpose of protecting 
the cables, but probably nothing will be ultimately used but 
ordinary cast-iron pipes. In the Bradford installation the cables 
are simply laid in the ground and covered with boards. 

Where cables are laid in conduits they should be insnlated with 
vulcanised rubber, as condensation is certain to take place inside 
the conduit, and if the wires are not insulated leakage will take 
place, bat lead-covered cables are unnecessary where conduits are 
provided : they are adopted in some installations without conduits ; 
in such cases they should be sheathed in iron to prevent mechani- 
cal injury. 

Time does not permit of descriptions of the meters used for 
measuring the current used by each house ; but it should be taken 
as a principle that meters should be used, and not an annual charge 
per lamp. 

Cost. 

The cost of instalJations of electric light varies very much, but 
it may be useful to the members to give them some actual tigai^ 
of cosL 

An installaiion of about 2000 16-candIe-power incandescent 
lamps, supplied direct from dynamos driven by steam engines 
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designed and erected hj Mr. T. Hewaon, M.I.G.E., Borongh 
Engiaeer of Leeds, for the liceds Corporation, coet in round 
nnmbeis 50s. per lamp, inclnding boilers, iron chimney, eng^es, 
djnamoB, cables, lamps and iixing. 

Central stations vary even nrnre than home installationa, bnt an 
installation of 37,500 lamps, lO-candle-power, for tioeds, inclnd- 
ing site, btiildings, chimney, engines, dynamos, cables, trans- 
formers, and meters, wiUcoet about 30a. per lamp; the plant to be 
capable of supplying two-thirds of the total ntimber of lamps at 
one time with the neceesaiy surplus power. This will leave the 
consumers to supply their own wiring, lamps and fittings, as in the 
case of gas, and this will probably coet 11. per lamp unless very 
ezpensiTe fittings are used. 

The cost of working at Leeds, Mr. Hewson finds, comes out at 
id. per 16-candle-power lamp per hour, and probably a 10-oandle- 
power lamp can be supplied &om a central station at the rate 
of ^d. per hour, without profit, but inclnding interest and 
depreciatitm. 

In the metropolitan area it is proposed to chai^ on a sliding 
scale at a maximum price of 8d. per Board of Trade Unit (1000 
watt hours). This will probably mean that the consumer of large 
quantities will be charged about 6d. per unit, which is equivalent 
to gas at 3s. 9d. per lUOO cubic feet To this must he added the 
renewals of lamps, which, taking 1000 hours as the average life, 
makes the cost of electric lighting equivalent to gas at 4s. 6(2. per 
1000 cubic feet to the consumer. 

The cost of running 2000 candle-power arc lamps may, perhaps, 
be put down at 2^d. per lamp per hour, to cover all diarges, hat 
not make a profit. 

Three years since electricity cost the consumer over an equiva- 
lent of gas at 7s. per 1000 cubic feet. The reduction in the price 
of gas from its introduction was not by any means so rapid as that 
of electric lighting has thus been, and apart from the certainty 
of farther development in the art of electric lighting, the lapse of 
patents alone (of which so many now fetter the work) will in a few 
years reduce the price &r lower than it is to-day. 

CONOLOSION. 
Leaving the ecientifio aspects of the question, the author com- 
mends to the Association the following conclusions : 
That by reason of a Corporation being able to borrow money at 
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a cheeper rate than wonld be deemed a aatisfactor; profit to a 
company, and that it need not make a pto&t, it can supply electrio 
light to its ratepayers far dieaper than a paying company could. 

That any fntnre discoyery in electric lighting which would 
produce it more cheaply, would, for long periods, benefit the 
shareholdera of a company only, rerisionB in the price being at 
interrals of perhaps ten years. 

That the principle of keeping entire possession of the streets is 
one which, the experience of all towns, in regard to tramways, gas, 
and water companies has tanght them, shotdd never be yielded. 

That althongh a local anthority may agree with a company to 
light a town for a shorter time than the forty-two years named 
m tiie Act of Parliament, a company would only agree to this on 
receiving advantages egnivalent to them to the reduction in time. 

Again reminding the Association that the capitalist has been let 
loose, and that the Board of Trade will grant provisional orders to 
companies where the Corporation neglect or delay to nndertake 
the work, the author concludes with the hope that the interest 
of the members may be aroused, that they will rise to the occasion, 
and that the information contained in his paper will be of use 
to them in dealing with the qnestion. 



DISCUSSION. 

Hr. HacBbair : I .should hke to ask Mr. Silcock whether we 
can, with the arc system, gat the same regnlarity of light that we 
get with the incandescent The author says "the regulating 
machinery should be simple, strong, and not liable to get out of 
order." I should like to ask whether the fluctuating of the hght 
does not come from the machinery getting out of order. 

Mr. Eaohus : I should like to ask a question as to the failure 
of the incandescent light. We tried incandescent lamps, for a 
month in conjunction with a rdamps, and the conclusion we arrived 
at after trying them was, that incandescent lamps of 60 candle- 
power were the most suitable form for street lighting. Perhaps 
the author will be good enough to tell ns something of tbeee 
failures. I shootd hke also to ask for the equivalent to the Board 
of Trade unit in lamps of 16 candle-power. 

Professor Bobibson : I should like to add my meed of praise 
to the author tor the excellent paper he has brought before the 



.V Google 



178 DMCOSfflOH. 

meeting. As 7011 ptud me the coortee; of inviting me here to-day, 
I may add to tiie interest of the meeting by asking yonr acceptance 
of a report (m electric lighting which I prepared for the St. Pancias 
Veetry. For that report I prepared a great number of calca- 
latioQB, over the ground covered by the aathor, in the form of 
figures and tables. I am very pleased to-day to have been able to 
contribute something to the meeting. Putting it broadly, I calcu- 
late that any authority can produce electricity at i\d. per Board of 
Trade unit, paying off the cost of works in 42 years, while the 
companies have the power to charge 8d. per Board of Trade unit. 

Mr. LoBLEY : I quite agree with the author as to the failure of 
the incandescent lamp for street lighting. In the spring of hist 
year a great many of as met at Leamington. We saw the lighting 
of Leamington by the incandescent lamp. I believe the light has 
been abandoned since then ; but at the time we visited Leamington, 
there was nothing in the light to strike ns as being a success. 
Some of ns have also seen it in Holborn, and it 13 very much the 
same there. With regard to arc lights, a great many of the mem- 
bers were at Hanley, and saw the experiment tried there ; an experi- 
ment which proved a anccess so far as there beiug no flickering in 
the hght. We also conclnsively proved tbat we could light by the 
arc light, for the same price as for gas. The difficulty — and it is 
a difficulty which I am not aware has been overcome — in carrying 
out arc lighting is in small streets, and places where that hght is 
too large. We cannot replace half a dozen street lamps, and put 
in one arc lamp ; we found we could not make 100 arc lamps do 
the work of 7U0 gaa lamps. Where the arc lamp was nsed, it 
proved a perfect success in the large open spaces where several gas 
Ifumps could be dispensed with. 

Mr, J. Lemon : I desire first of all to thank Ptofessor Robin- 
son for his report. I cannot agree vrith some of the conclusions of 
the paper reed by Mr. Silcock, although I agree we are much 
indebted to him tor having given ns so much information. At the 
outset he says "These prirate companies will come into our mid^t, 
they will break np our streets, interfere with extensions of our 
sewers, drains, gaspipes, and water-mains, and generally ride 
rongh shod over public and private rights." Well now that is a 
most sweeping coademnation. All I can say is that I have lately 
been concerned in framing r^ulations against a company in 
gouthampton, and the only thing tbat astonished me vras tbat the 
company allowed themselves to be so tied down with leatrictions ; 
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and BO far from riding rough ahod over the Corporation, it ie the 
othei vaj about Oar friend is another example of the ardent , 
engineer who wants to do everything himself. He also advocates 
that all Borough Engineers shonld be electrical engineers. Now I 
do cot. They would all like to do it perhaps, Imt I think they 
hare got quite enough to do at present, and I do not think they 
could do it so sncoessfolly as the man who has nuade an entire 
study of it. The time may come when they will have to become 
eleobical engineers, but that is not at present. I think a great 
deal has to be done with electritnty before it can compete with gas 
in price. According to the figores given by the antbor, it will be 
abont 4s. 6d. as compared with a thousand feet of gas. We know 
there are many towns where gas is being snpplied for less than 
half that price, and therefore there is a good deal to be done before 
we can compete with gas aa to price alone. The electric light has 
many advantages over gas, and I believe it will be adopted in place 
of gas in public bnildinga, but I do not believe it will be adopted 
generally in competition with gas for small honsee and general 
purposes. I believe we shall see very great improvements in 
electric lighting and a reduction in the cost. 

The Fbxsident: I am snre every member present thanks 
Mr. Silcock for a paper on a qaeetion which to ns is a novelty. 
I believe the Borough Engineer is waiting to see what is the 
outcome of this electric question. He cannot spare the time to 
follow the working of a new profession to him, for it is very rare 
in any town to find that the Borough Engineer is gas engineer as 
well. The question whether this work shall be put on the town 
official most receive greet consideration before we adopt it. 

The thanks of the Association were accorded to Mr. Silcock for 
his paper, with acclamation ; and the President, in the name of 
the Association, thanked Frotessor Robinson for his report. 

Hr. SiLOOOK, in reply, said : We want to select the simple arc 
lamps which give a good result and are not likely to get oat of 
order. As to whether incandescent lamps for street lighting are 
a foilnre or not, I can only quote two cases — Bamet and Leaming- 
ton. The principal cause why they mast be a failure at the 
present time is that incandescent lamps cannot compete with gas 
in point of price, whereas arc lamps can. Each Board of Trade 
unit will keep from 18 to 20 lamps running for one hour, and 
il^d. per nnit is about the cost of production of energy. Well, 
then as to Ur. Lemon's remarks as to private companies, I am 
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a&aid I trod on somebody's toea. I am very sorry, bot my 
opinion Btills mns ia tHe direction stated in my paper. Look at 
the railway companiee, tbe water companies, and tlie gas companies. 
What have they done ? They have blocked np your streets with 
pipes, and arches, and bridges. There is no doabt oompaniee have 
in the past disregarded the conretiience and rights of the pnblic to 
a very great extent, and we have no reason to suppose that 
electric lighting companies will be different to other companies. 
I am strongly of opinion that the lightii^ of all towns should be 
in the hands of the Mimicipal Authorities, and on that gronnd 
only we shall do well if we can keep companies out 

On TlmrBday several Memhere inspected the New Town Hall 
Works. In the evening the Members dined together at the 
Vietoria Hall; among the Visitors were the Mayor of Ports- 
mouth, Sir Frederick Bramwell, Bart., F.K3., Sir Wm. King, 
Ex-Mayor, Capt. Warren, R.N., Major- General Stirling, G.B., 
B.A, Lieut.-Col. Gait, Col. Lanyon Owen, Mr. J. S. Smith (Local 
Oovemmenl Board Inspector), dec. 

On Friday morning the Members of the Association assembled ai the 
Doch/ard, for the ptapose of inspecting the Fleet and the workshops. 
The MetrAers were met ai the Dockyard gates by lAeut. Grant, of 
H.M.'b torpedo ship 'Vernon,' and Lieut. Mhelatonc, who condveted 
them through the yards to the North Comer, taking on the way 
glimpses at the variom vessels which, with modem haste, are heing 
pushed forward on the various slips, and the mtm&rous completed 
torpedo boais in vicinity to the dockyard. Arrived ai the North 
Comer, the Members embarked on a large troop boat, and were 
towed to H.M.'s ship ' Vernon,' which perhaps more than any 
other ship in the service tells the story of modem adentijic warfare. 
The valued applieaiion of electricity to modem warfare, as shown 
by the numerous eteperiments made in the lecture^oom, was scanned 
with keen and scientific interest, and a short trip by an electrical 
pinnace, which is steered and controlled from the directing vessel, 
without any person being on hoard, was watched with close interest, 
The torpedo room, with its stock of murderous instruments, was 
aiao an c^yeet of much interest. The Naval Authorities, with a 
view of giving their engineering visitors the fullest knowledge of 
naval warfare, showed by experiments the method of breaking a 
hoom defense with torpedo boats, the mode of bearing a mined 
ehannd by means of counter mines and outrigger booms, and the 
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manner of Utnoing vp a boom. The Metnbera were then conducted 
to Whale Island, where experiments were made with the Mascim, 
Nordenfelt, and Gardner quiek-firvng machine c/uns. It is worthy 
of mention that the single-harrel Maxim gim fired 334 ^wts ai a 
range of 3O0 yards in the ineredihly brief period of half a minute 
After luncheon which was served at the Victoria Hall, and at which 
JAettts. Ethelstone and Grant attended as guests of the Associaiion. 
the Members viewed the new ironclad ' Collingwood,' which is 
armed with four 45-ton gwns, and went a pleasant run in a first 
class torpedo boat round the Spit Fort. On Saturday the Members 
visited, in brakes kindly provided by the President, the Ferrumite 
(patent paving stone) Works, and were sliown specimens of the 
Company's manufacture, which were exceedingly well laid. The 
Members then proceeded to the works of the Portsmouth Water 
Company, situate al Savant. In the admirable report pr^ared 
by Sir Robert Bawlinson, C.B., MJ.C.E., U is stated thai the 
geology of the site is a substratum of chalk covered by alluvium 
of a mixed charader, loam, day, gravel, and marl The water 
it obtained from Jialural strings, which rise to the surface 
and overflow, passing, when not intercepted, into the sea. The 
volume of water taken at present is about five million gallons 
per day. Afier an inspection of the works, Uie Members were 
entertained at luncheon by the Directors, in the New Engine 
Bouse, Lieui.-CoL Oalt presiding. After luncheon, Lieut.-Gdl. 
Oalt started the new engine, which, on the suggestion of the 
President of the Association (Kr. Bouinoie), was christened the 
" GaU " Engine. 
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d com and 5 boye .. 
cent. 01 



[ Treated vith lime. 



uu^er and six work- : No ; by limo process. 
(endndiDg Form let). 



lary oi 
re nt 
bed U 



Do Ton applj the nw Mwsgc to 
the laud, or is any part tTettt«d 
chemically b«rorehaiid? 



Sewage treated with sul- 
phate of alamJna and lime 
previonBly. 

Sewage is applied in its raw 



acnnm 29 in winter te 34 in 
emola- iBt time. 



[orwoot iges 10 men. 



I Raw sewage applied to land. 



Yee; no port is ohemioally 
treated beforehand. 



The sewage posses throngb 
screens to remove the 
solids; there is no ohemioal 

treatment wbotever. 
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,jDo yon apply the r»w un^e to 
„ tbe luiil, or li uij put treat«d 
cfaemically befonhand ? 



bBaw. We do not treat it 
A ohemically ; it is 
< Bary in our case. 



Hn every case the sewage is 
applied to the land in its 
crude state, without any 
prepuation. 



Sewage is purified direct 
from town to farm ; no 
chemical treatment. 



Only raw sewage. 



ij pay nothing for it, and the 

I 

f Farm is not the property of 

ond reclaimed &om the beach, 

.f comparison, as our position 
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1 exoellcnt 
', and in it 
large Com- 
3-iootn. 



fleue to give ttis acreage of Farm, 
aod ataU whether the lewage ii 
spplied to the whole of it. 

The acreage of the Farm is 
207 acres, and seivBge is 
applied to praoticali; the 
whole of it. 



7S acres, all irrigated 



S3Q acres. Can't get the 
sewage on to all the 
land, but wo hope to do 



84 acres, of whioh abont 
half is arable, and this 
receives moat of the 
sewage. 



Wbat kind ol inbeoil doe> the Farm 
consist of donu to a depth uj of 
6 ft. from the aurlace ? 



The subsoil is a sandy clay. 



Clay, except 16 aores, whioh 
ia of gravel, Ac. 



Every oonoeivable subaoil, 
stiff clay, gravel, sand, 
and peat 



Drift gravel with small beds 
of day here and there. 
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payment? 


fcore than BOma flags .. 


yoB. 




Tea. 


] 


No: mnob prefer York or Lonoa- 
anire flagging. 


4de too hard and with 
materials. 
i 


Tea ; if weU done. 
Yes. 


n do aot 


No ; but prefer It to York flae- 


? 


etog. 


itia extent, but as now 
is not BO slippery as it 


Am inclined to approve of it in 
slabs bot not in ritu. 


1 


Yes. 



tolarly; oB very steep 
IS it sbonld be grooved 
lered. 



Yes; especially Stuart's Grano- 
Utbic. 
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Does it become ilipper;? 


Do jon »pproTa ganemlly of OODoMle 
psTciDrnt 7 


k-Yes 


No; solely on account of its 


i 
] 


Blipperiness in etreets of steep 
gradients. 




Tee; bnt prefer tiln paTing In 
widths to slabs. 


On ateep gradienta 




11 Some of it does .. 


Yes; of some kinds. 


■eNo 


Yes. 


it 




K 




oNo; if made with fine materials 


Yes. 


t 

)tNo 


Yea. 


n No ; except on very steep gra- 
dients. 


Tea. 


,e If laid with too mQch rfope, 
rather slippery in frosty 
weather. 


adTanta^B, do not think it will 
snpenede York flags. 


leNo 


Yes. 


t 
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.. pexly mode 



, Bd to in wet weather, 
ow made it does not 



. perly laid 



»tioi| 



Yes. 

Yes ; if laid on good fonndation. 

Tee. 



MoBt certainly; Iiave not pnr- 
chased fli^ for aereral years 
and do not intend to. 

Yes; especially for BninuboQ 
roads. 



Yea. 

Yea ; in slabs. 

Tes ; it is the best paving ont. 
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T annam reoeived br Bale of 
1.1b, and ie oredited to the 



Tortion of dt; naprovided 
scept&oles; ashes removed 
.-«art serrioe. 

preseing on to one nniform 
and aboliahing the privy, 
B emptying of aahbins wQl 
i in daytime. 

-verting privies into water- 
at the rate of about 250 a 



Qrience is, that the work is 
out very much more effi- 
by onr own staff, and at a 
it, say about 25 per cenL 
i^ge cost of emptying each 
luring the year 1888 was at 
■I of 2s. 8d. 



, I am able to obtain Is, per 
r nightsoil, which farmers 
their own cost. 
>osaI <>f thti refuse results in 

which is included in the 

given. 

fconBiate of 8 men and 4 
; realise nearly 1001. per 
by Eole vf nightsoil. 
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VOLUNTARY EXAMINATIONS. 



SYLLABD8. 

Tai AasooiATioH or Hitnioipal and Sanitabt Bnoikeers akd 
StrnvBioBS bafe uadertaken the holdiag of Yolnntary Pass 
EzaminationH for Candidates for SnrvojorBhips under MuDicipal 
CorporatioiiB and the Local GoTomment Acts. 

There will be iwo EzamiDatioas in each year, one in April, and 
one in October, in London. 

The EzuninationB will be by written papers and viva voce, apon 
the fonr following subjects : — 

1st. Engineering ae applied to Municipal Work, 

3nd. Building ConBtruction and Materials. 

3rd. Sanitary Science as applied to Towee and Buildings. 

4th. Public Health Acts, and Bivers Pollution Acts. 

Gxamples of the clasB <^ qnestions proposed to be asked nnder 
these h^tdB are appended hereto. 

Candidates will be allowed tvo hoars to answer the questiona 
nnder each of the fonr heads, and will not necessarily be required to 
answer all the qnestions set in each paper, thongh not less than four 
must be ta^en: marks will bo giren for all qnestions properly 
answered. The mva voce examination will be held after the written 
papers have all been sent in, and will be directed to the fnrther 
elncidation of the answers to the papers on each sabject, and to such 
practical points as fairly arise there&om. 

The Examinations will extend over one or two days, as oircnm- 
stances may require, and in the latter case the arrangements will be, 
as far as possible, as follows: — 

First day .. 10 to 12 .. Kugioeering. 

„ ..2 „ 4 .. BuiMing Construction. 

„ ,.5 „ 7 .. Sanitary Science. 

Second day.. 9.30 „ 11.30 Public Health Law. 

„ ..1 „ i ,. Viva voce Examination. 
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Tbe total number of marks required to constitute ft pass will be 
60 per cent, in each of the Bubjeote. 

Eaoh candidate has to fill a Form of Application, to be obtained 
from the Becretary. 

The fee for each Examination will be 31. 3s., one guinea to be paid 
on application, and the balance on the day of examination. Shonld 
the candidate fail, he will be entitled to present himself again at the 
next, or any snbeequent Examination, on payment of one-half of the 
above fee. 

No further charge will be made to the candidate than the fees 
above mentioned. 

Candidates that do not present themeelves for the Examination 
iorfeit the entrance fee. 

Successful candidates will be entitled to receive a Certificate in 
the form of a " Testamur," signed by the Examiners for tbe time 
being, and countersigned by the President and Secretary of the 
Association in Gonucil. 

Further details and porticalars may be obtained on application 
to Ur, Tbos. Cole, Secretary to the Association, 11, Victoiia 
Street, S.W. 



SUBJECTS OF EXAMINATION. 

I. — ENOntsBBiNG AH AppLiui 10 UumoiPAL Wobe: 

A. Land Surveying and Levelling. 

B. Hydraulics. 

C. Drainage and Sewerage. 

D. Water Supply. 

E. Boad Making. 

IL — BnuuNO CoBSTBVOTiOK : Stbemotb or Hatxbials: 

A. Uaterials. 

B. The Construction of Public and Private Buildings, 

C. Building Bye-Iawe. 

m. — SaHITABV SOIBNOB AS APPLIXn TO TOWHB AND BUILDIKOS : 

A. Ventilation. 

B. Sewage Disposal. 

C. House Drainage. 

IV. — PnBLlO HiALTH AOTS. 

BiTEBs Pou-uTioM Acts. 
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SIXTH EXAMINATION. 



Tbe Sixth Esunination of oandidatee wu held at the Institiition of 
Oinl Engineers, Westminster, on the 26th and 27th October, 1888, at 
which tbe following Examination Fapere were set to the oandidatee. 

Subjiot: — ENamsaiNO ab applikc to Muntoipal Work. 
Eitmitiner : — B. Percy Boulnou, M. Inal. O.E. 

1. Survtying. — (a) How would you measure the distance of an inBocaasible 

point with tbe chain only ? (i) Desoribe tbe method of setting ont a 
right angle with the chain. 

2. Explain the " WelU " sjBtem for mearating distancea with an ordinary 

dumpy level without tbe aid of a chain or tape. 

3. LemUing. — A sever has a &11 of 1 in 375 ' 75, the reduced level at its 

lower end is - 2 '05, what would be the reduced level at a distance of 
300 yards np the gradient ? 

4. Hydravlia, — What velocity constitatea a aelf-cleansing flow in a 12-inch 

pipe sewer, what gradient is necessary to effect this with tbe sewer 
lunning half full, and what proportion does the diameter of sewer 
bear to its velocity of flow ? 
6. Iwsoribe the process of gauging the flow of water through the V notch. 

6, Drainage and Setverage.—Give the essential requisites for a good 

system of house drainage. Make a sketcb of an intercepting trap with 
manhole and fresh 'ur inlet. Sic. 

7. Describe the piacautioDS that are necessary in the selection of a sea out- 

falL What are the disadvantages of tide-locked sewers, aod how can 
they he remedied ? 

8. Water Suppli/. — Give a sketch section of an ordinary sand filter bed for a 

town water supply of about 30,000 inhabitants, and state how many 
square yards of filtering area are necessary and the rate at whicb the 
water shonld pass through the filter. 

9, Describe a " Foaitive Meter," " Bail Hydrant," " Straight " and " Bent 

Ferrule," " Gronnd Stop Cock," " Bib Cock," " Ball Cock," " Back 
Pressure Valve," and " Safety Valve." 

10. Boad Maiing.—(fl) What contour would yon give to a macadamised 

roadway, (h) what cross bll to the footwalke if paved with asphalte, 

(c) what proportionate width should footpaths bear to roadways, 

(d) what proportionate width should the paved channel hear to a 
macadamised roadway ? 

11. Give a sketch section of a kerl^ channel, and trapped gully pit. 

12. Give a list of the principal materials which can be need for paving foot- 

paths and state which you prefer, and your reasons for such preferenoc. 
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Subject:— BciLDiBa Gonstbugtion, &o. 
Examiner : —Clement Dunscombe, M.A., M. Init. C.E. 

1. State briefly the generxl principles to be observed in building with stone 

and with bricli to ensure good worh. 

2. Dftscrjbe the following classeB of Btone raosanry : ashlar, block -in conne, 

coursed rubble, and common rubble, 

3. What in the difference between coniferoua and Don-coniferouB timber? 

cksBify each, snd give examples, and state the respective purposoa for 
which each descriiition is most suitable. 

4. State at what age of mnturity the following tt«es attain their greatest 

strength and durability, viz. oak, ash, eltn, larch, and fir ; the best 
season for felling them ; and the modes adopted for seasoning timber. 

5. Describe shortly, and illustrate by a sketch, how yon would shore up a 

daogeroos building, 50 feet in height, fronting a main thoroughfare^ 
and having a Trontage thereto of 30 feet, assuming that the front wall 
is in danger of falling towards the street. 

6. Define the following terras referred to in the Model Building Bye-laws : — 

base of wall, t«pmost story, party wall, external wall, public building, 
building of the warehouse class, domestic building, dwelling house. 

7. What are the requirements of the Model Bye-laws with respect to the 

Bufiiraency of space about buildings, to secure a free circulation of air, 
and with respect to the ventilation of buildings ? 

8. Draw a sketch plan and section of a temporary small-pos hospital, with 

ita accessories, for six patients, constructed in either wood and cor- 
rugated iron or wood and Willeaden paper ; figure thereon floor area 
and cubical space; describe the preparation of the site, and specify 
shortly for the respective materials used in its construction and 
internal finish. 

9. What regulations would you propose for the arrangement, construction, 

and structural working of a new theatre on the safest lines, selecting 
your own sits and dealing with the subject under the following 
heads : — Ist. The means of egress. 2nd, The prevention and 
isolation of fire. Srd. The lighting arrangements. 



Subject :~Saijiiabt Science. 

Examiner . — Zeicw A^eUy FeUovi King's ColL Land., M. Inst. OJ!., 
Examiner imder tA« Metropolitan Building Act. 

1. State, in general terms, the chemical conditioik of the atmoephere in an 

overcrowded and ill<venti]at«d room. In what mamier does it act on 
the physical system? 

2. How many cubic feet of eir space should be allowed, per head, in s 

bedroom? 
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3. In wbat manoer may drinking-iratei become coatamioatod in a dvellitig- 
house? 
What oonstnictive uTangements are necessary to prevent audi con- 
tamination 'i 
*. What are the requirementa of the Mode! Bye-lawa wilh regard to house 
drainage? 
Ctive a sectional diagram of a three-Btorej house in illnstratioD, ehowing 
the drainage thereof connected with a srreet sewer. 
, 6. Wliat tests would you apply to house druins to diacovet any escape of 
sewer gas? 

6. What are the Ivadlna principles io the design of a syat«m of town 

drainage, of say 50,000 population, having a free river outfall : 

I. Id a fiat district? 

II. In a hilly diatrict ? 

7. What principles govern the ventilation of sewers, and what relation 

thereto has temperature, gradient, capacity, and volume of flow ? 

8. Enumerate the best-known processes of setvage treatment at the outfall, 

and describe some one in detail, stating, in technical terms, the 
mechanical and chemical method of procedure and results. 

9. State under what respective circuni stances a tank process, irrigation, 

land filtration, or a combination ol' either, may he most desirable. 
10. Describe the difference, in principle and action, between irrigation and 
fihratioQ. 



Sdbjkot: — PuBuo Health Acts and Biters Follution Aotb. 
Examiner -.—C. Jme», AM. Iiut. O.B, 

1. The Public Health Act is divided into several parts. State how many, 

and give the names of ux divisions. 

2. Give the titles of the several Acts of Parliament incorporated with the 

Public Health Act 

3. A Local Authority having undertakeo to remove refuse, Ssc., (a) state 

the proviuon of the Act dealing with their neglect of this duty, 

(b) The number of days spedfled in the Act as involving a penalty, 

(c) The penalty incurred. 

4. State generally the process set forth in the Act for the repairing of 

private Bireels, and under what section private streets mayhedeclared 
" to be repairable by the inhabitants at lai^'e." 

5. Give the definition in Act as to " What Is to be deemed a new 

building?" 

6. State the surveyor's . legal duties and position with respect to niinons or 

dangerous buildings, and the title of the iDCor|)orated Act under 
which proceedings are taken. 

7. Stale the proceedings to be taken by a Local Authority in dealing with 

a nuisance outtide the district. 

8. State shortly the "Gi-neral Provision" of the Act with rcfercnoo to 

contracts. 
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Ten oandidfttee proflented tiiemselTefl for examiiiatioii, of wbom 
&a following six Batiefied tbe Ezamineis, mkl were granted tlieir 
certificates of oompetenoy : — 

B. R. Brown (Bridlington). I I. T. Hawkins (Chichaater). 

W, G. Biyning (Liverpool). J. 8. Millington (Wavertree). 

W. C. Field (Eastbourne). I T. B. Wilson (Cockennouth). 



SEVENTH EXAMINATION. 

The Seventh Examination was held at the Institution of Civil 
Engineen, Weetminater, B.W., on the 29th and 30th Maroh, 1889, 
when the foUowiog Examination Papers werB set to the Candidates. 

Subjsct: — ENOiDBBBiHa as afflikd to Mukioipal Wobk. 

Examiner :^-Lewia Angell, M. Itut. C.E., Fellow King't Coll., London, 
Examiner under the metropolitan Building Act. 

1. In a Town Survey, having selected three poiats forming a well-con- 

ditioned triangle, one Hide a, b, bemg available for chaJDicig a Base 
line, the lines a, e and b, e being visible but inaccessible Toi direct 
measurement, show how you would ascertain the lengths a, e, and b,e, 
and formulate the process trigonometrical ly. 

2. Describe the principle of the Vernier and how it is read. 

3. In a series of levels, if the first becknigbt read 3*25 on an Ordnauoa 

Bench-mark of 28-30, the sum of the backsights be 12-86 and the 
forosights 17*20, what wilt be tbe Ordnance reading of the last fore- 
sight? 

4. What is the' weight of one cubic foot of water? What it the rcsnlting 

pressure per square inch in a tank or reservoir for each foot 
vertically below tbe surface ? At what depth is tbe centre of gravity 
situBte. 

5. What is meant by the hydraulic mean depth of a sewer ? 

6. Describe the methods of ascertaining the quantity discharged from a 

7. What relation has size to gradient in a sewer ? 

8. Make a figored sketch of a combined manhole and ventilator, also a ctoas 

section of a brick oviform sewer, showing verUcal and transverse 
diameters length of ladii end position of centres. 

9. Write a specification clause for a concrete sewer, with proportions and 

tests. 
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10. CHre a gketck of the coiutnicU(»i of a brich eewer, IS feet deep, in 

Tunning aand, 6 feet from the top being made ground and the aeit 
i feet peat. Show method of foundation and timberiDg. 

11. Describe the lauling principles in the conetruction and maintenance of 

roads, aod specify (a) a Qranite paved road, (6) a Macadam road, (e) a 
Gravel road. 

12. Give a working abetch of a orosa sectioo of a 40-feet gmvel road, with 

footpatha, formed on a field, in accordance with the TcquiraneDta of 
the 160th Section of the Pablio Health Act. 



SnBntOT : — Bvilsiko Cohbtbdotiok, &a 
Raminer:—-Clsment Duiueomhe, M.A,, M.Inst.C.Sl, 

1. Claaslfj' according to their cbarecteristiD "earthy" constituents the 

different kinds of srone used in building and engineeriog works ; 
state the predominant minerals existing in them, and give examples 
in each class, and for what works tbey are rcapectivelf used. 

2. Define the meaning of the term " bond " in brickwork. 
What are the effects of a good bond ? 

Explain ihe followine terms: — 

A " coarse " a " t>at," " headers," " stretchers," " closers," 

"Queen closers," "King closers." 

Stsle the different kinds of bond used in brickwork, and their relative 

3. Draw plana and sections of two or more coiimes of 9-iQch and 14-inch 

brick walls in two different bonds in tbe case of detached walls and 
aalient angles. 

4. What principles would guide ;ou in designing jointa and fastenings in 

Carpentrj ? 
ninstrate by sketches tbe mode of jointing beams in the direction of rheir 
length by " lapping," " fishing," and " scarfing," and in the last case 
BO as best to resist Cress-strain, Tension, Compression. 

5. Explain the following terms and illustrate by sketches, — " stuck bead," 

"planted bead," "quirked bead," "staff bead," "cocked bead." 
"reeding," " nosing," "stop-chamfer," "housing," "scribing," 
"shooting," "rebating," "trimming." 

6. State the quality, weight, and thickness of lead yon would une for the 

following pnrpoaea : — Aprona, Roofs, Flats and Gutters, Hips and 
Bidges. 

7. Draw a plan and section of a fireproof warehouse, 40 feet frontage by 60 

feet in depth, 6 storeys in height, and with concrete floors designed to 
carry 21 cwt. to the foot auperflcial ; fif^ire on the thickness of the 
walls, and give the constmctional details of the flo(H^; specify for the 
concrete forming the floors, and state what precautions yon would 
adopt for the ^vention of fire in connection with the construction of 
such building. 
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. Draw np a Specification in skeleton for Artizans' or Labourers' Dwelling 
built in brickwork or stone with a slated roof— first giving the various 
headings of the Specification, and, so far as time permits, enlai^ng 
under the various trades. 

I. Draw a sketch plan of the arrangement of rooms and sanitary conveniences 
you would auQjest in the case of 2 and 3 roomed tenement DwellingB 
inflate for the housing of the poor, and give an approiimale estimate 
of the cost per room of given floor space and cubical c«padty, all 
sanitary conveniences and appurtenances to be included in this cost. 



BOBJEOT : — SaNITABT SoiBHOE. 

Examiner : — S. Percy Boulnoi*, M. Intt. 03. 

|. YentUation, — State the requisite amount of cubic apace per head required 
in the following buildings : 

(a) A bedroom in a Model Lod^ng-house. 
(V) A ward in a Fever HospitaL 

(c) An accident ward in a Hospital. 

(d) A workroom in a Factory. 

(e) A cowshed [under the Contagious Diseases Animals Act, 

1878]. 
(/) A cellar dwelling. 

(j) A barrack dormitory, ' 

2. How many cubic feet of fresh air )>er hour should be admitted in a room. 
20 feet square and 10 feet high, where there are 15 adults and G 
lighted gax jets, each consuming 6 cubic feet ofgns per hour. 
S. What are ttje essential requisites to be remembered in supplying the 
necessary quantity of fresh air to the above room. 

4. State the fixed law of the " diffusion of ijases." 

5. Sewage Ditposal. — Give a list of the different methods of Sewage Disposal 

under the " Dry " and " Water Carriage " Sj'stems. 

6. State the principal ingredients of the sewage of au inland manufactunog 

town sewered on the Water Carriage System. 

7. Give a brief description of any chemical method of sewage purification 

with which you are acquainted, and state its advantages and defects. 

8. Give a sketch section of a " Fryer's " Refuse Destructor, and stale what 

heat is necessary to destroy " sludge." 

9. Horue Drainage. — Describe the thicknesa, jointing, method of fastening, - 

and other details for a soil pipe carried against the outside wall of a 
house, accompanying your deiicription with detail sketches. 

10. Give a longitudinal section of a bath, showing the supply pipes for hot 

and cold water, and the waste and overflow, and show where the hot 
water tank should be situated. 

11. State brielly the essential requirements of a perfect system of House 

Drainiue. 

12. WaaX is the reason for ventilating a soil pipe? 
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SuBnor: — Public Kbalth Acts asd Sitekb Polldtioii Aais. 
Examiner : — Charlet Jones, A. JS. Intt. C.E. 

1. What are the powers of an Urban Sanitary Anthoritj with respect to 

the draining of honsesinto new sewers? 

2. A local authority may undertake the cleansing of streets and remoTal of 

, refuBC. Detail: 

(a) The general authority contained in the 42nd section upon 

the above subject. 
(S) The disposal of material collected and disposal of fund, 
(cj Penalty imposed npon persons obstructing authority in 

carrying ont the above section. 

3. (a) State the requirements of the Act with respect to a Local Authority 

supplying water to certain houses in thair district. 
(6) Proceedings authorised to be taken under the Act 

4. Describe generally the conditions laid down in the Public Health Act with 

respect to the occnpation of existing cellar dwellings. 

5. Section 91 has special reference to nuisancea under the Act. State how 

many clauses ihete are; and give detailed deHoitioQ of nuisances. 

6. Describe tbe power possessed by an Urban Sanitary Authority with 

respect to the alteration of any gas or water pipes laid in the district, 
and the provision relative to the expenses incurred in such alteration. 

7. By the 157th sectjon of the Public Health Act every Urban Sanitary 

Authority has power to make bye-laws respecting new buildings. 
These powers are detailed under four distinct headings. Give general 
description under each heading. 



Eighteen candidates presented themselves, for examination, of whom 

the following eight satisfied the Examiners, and were granted their 
certificates of competency. 

J. H. Blizard (Southampton). i H. Nettleton (Leeds). 

J. W. Bradley (Burnley). W. Stringfellow (Southampton). 

G. P. Carter (Leeds). W. J, Taylor (Southampton). 

W. B. Dixon (Wolverhampton). | G. B. Tomes (Eastbourne). 
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BOARD OF EXAMINEES. 



Liwn Asom., U. Inst C.E., F.B.I.B.A., Borongli Engiaeer, West 

Hun (Paat Freddent). 
H. F, BoQLKOie, H. Inst. O.E., Borough Engineer, FortsmonUi 

(President). 
G. Dchboombi, M.A., M. Inet O.B., Oity Engineer, LiTorpool 

(Vioe-Preaidont). 
E. B. Eujob-Olabk, U. Inat O.E., Gonnty Snrrefor, West Sussex 

(Past President). 
JosBPH GoBDOH, U. Inst G.E., Ghief Engineer, London Ooqh^ 

Oonnoil (Put President). 
G. Joins, AsBCM. H-Inst. G.E., Surreyor to tlie Locsl Board, Eftling, W. 

(Post President). 
W. G. Laws, M. Inst. G^E., Gity Engineer, HencasUe-on-Tjne (Past 

President). 
Jas. Lbxoh, M. Inst. C.E., F.B.I.B.A., Coneulting Engineer, South- 
ampton (Put President). 
Jos. LoBLBY, M. Inst. C.E., Borough Engineer, Hanley (Fset 

President). 
E. Pbitoeabd, K. Inst. G.E., 37, Waterloo Street, Birmingham (Fast 

President). 
B. Vawsbb, M. Inet. C.E., Manohester (Past President). 
W. H. Wmn, M. Inst. G.E., Engineer to the Local Board, Oxford 

(Past President). 
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CANDIDATES WHO HATE PASSED THE 
EXAMINATION. 

Data of Certiiiote. 

May 7, 1887 Adoock, 0. (Liverpool). 

May 1, 1886 .. Angell, J. A. (Leytonstone). 

May 1,1886 .. Aahmead, a (Olifton). 

Oct. 16, 1886 .. Ball, G. (Scarborough). 

May 12, 1888 .. Barnes, S. W. J. (Ealing). 

May 12, 1888 .. Bayley O. H. (Salford). 

Oct. 16, 1886 .. Beaid, E. T. (Lincoln). 

May 12, 1888 .. Beynon, J. C. 8. (Exeter). 

Apr. IS, 1889 .. Blizard, J. H. (Sonthampton). 

Apr. 18, 1889 .. Bradley, J. W. (Burnley). 

Not, 17, 1888 .. Brown, B. R. (Bridlington Qnay). 

OoL 16, 1866 .. Browniidgo, C. (Leeds). 

May 12, 1888 .. Bryans, J. Q. (Sunderland). 

Nov. 17, 1888 .. Bryning W. O. (Liverpool). 

Apr. 13, 1889 .. Carter G. F. (Leeds). 

May 1,1886 .. Goalee, H. G. (Eiag's Lynn). 

Oct. 22, 1887 .. Cook, J. (Bury). 

May 12, 1888 .. Cooper. C. H. (Wimbledon). 

May 7, 1887 .. Cooper, F. E. (LiTerpool). 

May 12, 1888 Crow, A. (Stratford, E.). 

Oct. 16, 1886 .. Growther, J. A. (Leeda). 

May 7, 1887 .. Dearden, Hy. (Leeds). 

Apr. 13, 1889 Dixon, W. B. (Wolrerhampton). 

May 1, 1886 .. Fenton, W. C. (Sheffield). 

Not. 17, 1888 .. Field, W. C. (Eaatbonme). 

May 12, 1888 Fincb, A. B. (Finohley). 

May 7,1887 .. Franks. T. W. (West Bromwioh). 

May 12. 1888 .. Glass, S. N. (Hackney). 

May 12, 1888 .. Gloyne, B. M. (Manchester). 

May 1, 1886 .. Greatorex, A. D. (Toxteth Park). 

May 1, 1886 .. HarUnd, A. (London). 

Not. 17, 1888 .. Hawkins, L T. (ChicheBtor). 
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Dfite of Certificate. 

May 12, 1888 „ Honghton, J. (King's Heath). 

Oct 16, 1886 .. Jameson, M. W. (Leeds). 

May 12, 1888 .. Lynom, G. T. (Barnsley). 

Oct. 16, 1886 .. MftUiDHon, T. (Selby). 

Oct. 22, 1887 .. Mellor, T. E. W. (Stotjkton). 

Oct. 22, 1887 .. Metcalf, J. W. (York). 

Nov. 17, 1888 .. Millington, J. S. (Wavertree). 

May 12, 1888 .. Milnes, G. P. (Wakefield). 

Apr. 13, 1889 .. Nettleton, H. (Leede). 

May 7, 1887 .. Nichols, A. E. (Lw«1b). 

May 7,1887 .. Nickols, F. J. (Leeds). 

May 1,1886 Osborne, F. (Dover). 

Oct. 22, 1887 .. Parker, W, (Hereford). 

Oct. 16, 1886 Pickering, J. B. (West Bromwicli). 

May 12, 1888 .. Ptitchard, T. (Richmond). 

May 7,1887 Kich. E. W. (Honnslow). 

May 1,1886 Saumlors, E. E. (Walthamstow). 

May 7,1887 Saunders, Jaa. (Newark). 

Oct. 22, 1887 .. SaviUe, B. W. 8. (Accrlngton). 

Oct. 16, 1886 .. Silcoek, E. J. (Leeds). 

Apr. 13, 1889 Stringfellow, W. (Sonthampton). 

Oct. 16, 1886 Sykes, E. (Reddish). 

Apr. 13, 1889 Taylor, W. J. (Southampton). 

Oct 16, 1S86 .. Thomas, R. J. (Carnarvon). 

Apr. 18, 1889 .. Tomes, G. B. (Eoatboume). 

Oct. 16, 1886 .. Turner, Y. H. (Leeds). 

May 7,1887 Verschoyle, B. (Liverpool). 

Oct. 22, 1888 .. Ward, F. D. (Manchester). 

May 12, 1888 .. Wilson, C. L. W. (Bacup). 

Nov. 17,1888 .. Wilson, J. B. (Cockermooth). 

May 1. 1886 .. Witts, J. W. (Skelton). 

Oct, 16, 1886 .. Young, Wm. (Pendleton). 
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iSIetnofrs of Mttta&tn Mtm^txa, 



The Coancil, baviiig been reqneeted to append some short; noiice of 
the decease of MemberB of this Asaocialion, will feel obliged 
b; early notice being forwarded to the Secretary, with such 
particsnlars as it may be desirable to insert in these ' Pro- 
ceedings.' 



Thouas Gbcse, bom on the 20th of April 1809, was the eldest 
son of Jeremiah Grose, of Hombgaham, Wilts, OooTeyancet to the 
l^larqnesd of Bath, of Lon^eat, and grandson of Jeremiah Cmse, of 
Bath, Land Snrreyor, who was for some years in partnership with 
W'iUiam Smith (the Father of English Geolc^.) 

He was educated at Warminster, and articled to John Brown, 
Land Surveyor and Estate Agent, of Brislington, near Bristol, for 
whom he afterwards acted as assistant for several years, making 
some important Parish Surveys- 
He afterwards returned to Warminster and entered into part- 
nership with his brother-in-law, Charles James Fox, during which 
time lie made a considerable number of Kailway Snrveys, and made 
the Surveys and First Class Tithe Maps of the parishes of War- 
minster, Corsley, Vpton-Scndamore, Homingsbam, Longbridge 
Deyerill, and North Bradley, in Wiltshire, and Frome-Selwood 
and Cheddar in Somersetshire. 

He was Surveyor to the Warminster Tnmpike Commissioners 
for nearly 30 years, and Surveyor to the Warminster District 
Urban Sanitary Authority until 1887, when be resigned in conse- 
sequence of failing health. 

He held the Office of Vestry Clerk until the day of his death, 
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May Srd, 1838, hamg been atruck down with angina pectoris 
ten days prior to that date. 

The other deaths are Mr. Battss, of Handsworth, near Bir- 
mingham ; Mr. ECabpus, the Bureyor to the Local Board, Merthyr 
Tydvil ; Mr. Miles, Sorreyor to the Bnrat Sanitary Anthori^, 
Blahy; and Mr. Bdublb, Surveyor to the Local Board, New 
Bamet. 
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Abattoirs. I, 14S, 161 

ABC prooeas, <<05 

Adnlteistion, 29S 

Air. 7, 127, 132, 181, 182, 
211. 215, 224, 236, 239, 
245, 2.18, 262, 276, 290, 
"01. 304, — '-■ 



310,8 
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Alleys. 10. 62. 78, 211, 222, 

296,340 
AlumiDB phosphate, 305 

Bulphate, 305 

Alnninoferria procew. 305 

Atumania, 301, 307 

Arctiitecta, 62 

Aiteaian wells, 3S3, 890 

ArtimiiB' dweUings. 10, 61 

Aah cloaets, 302 

pita, 126, 183, 195, 

205, 230, 232 
Asphalt, 13, 101, 150, 275, 

342,343 

artiflcial, 150 

AssooiatioD, The, 14 
Audilon, 214 
Authors of papora, 17 

B 

Back streata, 78, 340 

yarda, 302, 342 

Batometric preasare, 307 
Basalt 275, 343 
Bath boilers, 43, 285 
Balha. 28, 41, 69. 78, 102, 

m, 181. 384 
Bedrooma. 75 
Bitamen, 132 
Black asb vaata, 305 
Bond Schools, 296 
Boilers, 45, 75, 132, 134, 

285. 304. 384 
Boring, 383 
Borough Bugineera, 132, 

Borrowine, 213, SI4, 296, 

340, 342 
BKakwston, 274 



I Braweriefl. 301, 307, 407 

Bricks, 52, 64, 150 
I Briokvork. 53, 6*. 810 
I BridgBs, 54, 76. 101, 186, 
' 197, 842 

Bristol ware, 335 

Bmshea, 339 

Buildcia, 61, 62 

Buililing irregalariticB, 61 

laws, 61, 62, 63, 64, 

69. 205, 207, 244. 295 

piiiate, 62 

Boildiags, dangerons, 61, 64 

new. 65. 342 

veotUation, 66 

Burials, 111 

Buroen, 152, 341 

Bye Laws, 61, 62. 65, 93, 
120, 214, 222, 295, 377 



Cabins, 75 

Calcium ohiorida. 345 

phosphate, 305 

Camber, 343 
C«nal boata, 75 
Canala, 76, 140, 342 
Carbonic acid, K07 
(^boniaing, 282, 301 
Oarrien^303 
Cast iron, 250 
Catchment area, 883 
Catoh-pita, 310 
CaasKo soda, 301, 407 
Cellars. 10. 63. 211 
Cement, 64, 75, 82, 101. 

181, 211 301, 305, 808. 

810. 8 " 



1,111,381 

Certifioatee to buitdera, 62, 

127, 214, 296 
Cesspools, 63, 8i 126. 183, 

189, 205, 224, 2.30, 232, 

242, 295, 302, 310 
Chalk, 129, »75. 383. 390 
Charcoal, 85, 128, 183, 282. 

291. 301, 305, 307. 309, 



Chlorine, 301. 305 

Cinder eifling, 96, 120, 224 

Cisterns. 127. 296, 375,376. 
377, 383, 384 

Clay, 52, 32, 129, 138, 155. 
211, 305, 308. 310. 335 

CioBets, 120, 127, 183, 205, 
207, 224. 225, 244, 263, 
295, 302, 376. 377, 378, 384 

Clathee, 116 

Coffins, 111 

Coke, 305 

ColoorinK matters, 128, 219, 
301.407 

Combined fyatem, 302 

Conorele, 10, 13, 54, 101, 
117, 127, 148, ISO, 152, 
182, 230, 27.5, 299, 310, 
332, 342, 386 

Condenser?. 153 

Contracting for town work, 
12. 31, 87, 41, 46, 48, 50, 
59.69.77,91,100,103,108, 
122, 154, 169, 172. 175, 
189, 204, 207, 210, 219, 
222, 242. 245, 247, 258, 
255, 258, 262, 276, 277, 
292, 296, 813, 322, 824, 
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DrypooL xv. 77 
Hanley, xiL 161 

Eing'B Lynn, xiv. 177 
Ha^en, Oxford, ix. 8l 
Haidatone, xiv. 108 



I Strloklaod Street, XV. 60 

I 
Carriage-waya, xv. 78, 81 
Concrete tot, iv. 167 
CoBt, xiv. 109— XV. 80, 81 
Cylinders, eoouomy of, if. 158 

sinking, iv. 15&— xv. 77 

bj atmoapherio preasnre, ii 

Footbridge, xv. 60 

Pootwaya, xv. 78, 81 

Girders, it. 78 

Iron, xiv. 177 

Loada on, xv. 85, 93 

Over agricultural draina, xv. 80 

Piera, ooat, iv. 158 

Raising, xiL IGl 

Screw j)ileB, xiv. 178 

Screwing piles, xiv. 179 

oust, xiv. 182 

Stone, xiv. 108 

Straina, computing, xv. 79 



66. BBIDOBWATKB 
Horse-keep, xiii. 301 

Se. BRIDLINGTON 
BemoTing bonae refuse, xi. 69 

67, BRIGQ 
Water aupply, iii. f. 214 

68. BRIGHTON 

Air space for dwellings, x. 104 
District meeting, i. 83 
Footways, xv. 189 



Sea wall, i 

Sewer veutilatiug furnace, i. 142 

Streets, watering, liL 240, 244 

width, I. 104 

Walling materials, iv. 264 
Water rate*, xi 160 

S9. BRISTOL 
Air apace for dweUinga, x. 104 
Area,iv. 9 

Avon interoepting sewer, Iv. 16 
Bedminater diatrict, iv. 12 
Bread Street culvert, iv. 10 
Clifton High I«vel district, iv. II 

Low Ijevel district, iv. 13 

Contracting for town work, iv. 85, f. 272 
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Draino^, iv. 9 

Fromo intercepting sener, iv. 15 

Hiitorj, iv. 9 

Hone-keep, liii. 301 

MortaUty, i. 250— ii. 102, 108— iv. : 

108 
Mjlna's ouWert. iv. 10 
Populntion, ir. S 
Bateable value, iv. 
JUtM, iv. 25 
BoiAb. vii S5. 39 

mileage, iv. 9 

rolling, vir. f. 140 

et. Philip^a diatriot. iv. 14 
SaDitnrj inapcclinn, vii. 119 
Sewerage sysli'in, Iv. H 
Severs, coil, Iv. 25 

dimeDBODfl, iv. 20 

vealilation, iv. 20 

Streets, width, X. 104 

Tidul rjver^ iv. 9 

Tide cloaiog aower outleta, iv. 21 

retutninR Bcwnge, i». 22 

Tramw(.ys, viii. 225 
Wutor-beiuiDg strata, iv. 41 

conBUinption, iv. B9 

pollution, i». 42 

works, iv. 58 



60. BEOMLBT 
Street ligbtiog, iL 192 

61. BUTLDma IBEEGULABITIE8 
Angell, L. (President's addresi), L 37 
Ellioe-aark, paper on, z. 63 
Lemon, J., pnper, i. 39 

Artisans' dwellings, ii. Ill 
DanRorouB ttruotarea, li. 14 
Evading bye-lawa as to number of storevs, 

I. lis 
House drains ill laid, viii. 19 
Improper water supply, li. 14 
Jerr;r builders, viii. 18 
Letting uadrained houses. li. 13 
Model ^e-LawB, iv. 177 
Pnblio Heaith Act, 1875, viii. 209 
aupcrviaion ol private buildtog, s. 83 

62, BUILDING. PEIVATE 

Ellioe-Clark, paper on, i. 83 

Air space about buildings, i. 95, 104, 119 
Arclutecls' position, i. 91, 105, 109, 111 
Builders' iDteotions, i. 114 
Building laws must not be too stringent, 



CertiOoates to builders, x. 99, 112, 116 
CLarts showing range of Blate oontrol, 

I. 101. 102, 103 
Courts,!. 95,119 
Documentary reqaitementa, x. 89 
Drainage pbins should be kept by local 

aulborily. x. 1U5, 109 
Evading law as to number of stories, 

I. 116 
Executive ignorance, x. 87, 106, 107, 

111 

machinery for a Building Act, s. 98 

Genentt aud local laws, x, S9 

OoihI laws demand intelligent executive, 

X. 86, 111 
House to house inspection, i. 130 
Influence of cottage property owners in 

fnuning laws, i. 95 
InapectoiB imperatively necessary, x. 99, 

110 
Jen? builders, x. 100, 108, 110, 120 
Judicial system inadequate, x. 99, 111 
Liberty in building becomes, a danger, 

X. 85 
Model Bye-Laws in the hands of an incom- 
petent execative, x. 87, 119 
"Now building '' defined, x. 118 
Flans and eectiona of each floor should be 

oompulsortly deposited, x. 90, 105, 109, 

112, 114, 117, lie 
Public su^rvisiou of, x. 83. 122, 127 
Respousibility of builders, x. 99 
State control,!. S3, 122, 127 

limits of, I. 84 

objects of, I. 85 

over direction of streets, i. 94, 

117 
Btreets and sewers should not be made, by 

private owners, x. 93, 119 
Cniformity desirable in an Act, x.97 
What mi^ht be cmbraoed in a general Act 

of Parlianeut, x. 88 
Width of streets, X. 95 



as. BUILDING REGULATIONS 

Blaokbom, xii. 20, 29 
Bradford, xii. 89 
Leicester, xii. 188 
Nottingham, xii. 163, 188, 19S 

Air space, xii. 20 

Area of dwelling, xii. 20 

Back roads, xiL 20 

Cellars, xii. 188, 193 

Disconnecting bouse druns, xii. 20, 29 

Division walls, xii. 20 

Flood levels, xii. 163, 168, 193 

Heiglit of rooms, iv. 200— xii. 20 

Line of trontage, xiL 89 
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64. BUILDINQB, DANQER0U8 
G&mble, B. G., paper on, xL 241 

Bricks, bad, li. 243 

Qubonio acid. xi. 242 

Cement, expuuion, xi. 244, 253 

ChinmejB, xf. 243, 253 

Coke fnmea deattoj brickwork, zi 246 

Defective fonndittians, iL 242 

Faulty conatmolion, xt. 243 

Fire, action od walle, xi. 246 

Fir thates, xj. 244 

Fn»t and thaw, li. 242 

Joirta not tied nitb walla, li. 251 

Luff reUting to, li. 241, 247, 248, 249, 

250, 251, 252, 253, 254 
LigfatniQK condootorB. xL 245 
Natural decay, zi. 242 
Bock feuudatinuB, zi. 243 
Shoring, zL 244 
Temporary Btructai«B, zi. 245 
Undermined, zi. 242. 248 
UuderpiiiniDg, xi. 244, 253 

66. BUILDINGS, NEW 
CeupooU, iv, 196 
Chart showing laage of State control, z. 

102. 103 
Chiuineys, iv. 198, 199, 201 
CoDBtruotioD, i. 10 
Damp course, iv. 1 83, 195, 198, 269 
Definition ot "new building." z. 118 
Drainage, iv. 196 
Earth cloaets, iv. 195 
Fire-piDof doora, i. 40 
GnHind aur&ce. iv. 199, 269 
Height, L 40 
Leeds bye-laws, vi. 144 
Model Bye-LawB, iv. 177, 104, 262 
ParapeU, iv. 183, 198, 270 
Party walla, i. 41— iv. 18B, 195, 198, 

270 

taken through roof, i. 41 

Plans, iv. 185 
Bebuilding, iv. 185 
Boors, iv. 183, 198, 270 
Booms, aize, iv. 200— xii. 20 
Band foundations, v. 93, 98 
Settlements, v. 100, 101 
Kizu of watehooBee, i. 40 
^>ace aronnd, i. 41 
Thresholds, iv. 198 
Timber in party walls, 1. 41 
Walls, foutinRB. iv. 269 

height, iv. 268 

maleriniB admisBible, iv. 264 

thicknesa, iv. 268 

Water olosetx, iv. 195 
Yard apace, i. 41 



aa. BUILDINGS, VEarriLATiON 

Essential daring constmctian, !. 42 
Tentilatiiig space nndei floors, L 42 

67. BUBNLET 
Area. xi. 13S 
Oorparatioo, xi. 135 
Deatructor, xi 137 
DiBtriot meeting, xL 134 
Gasworks. xL 139 
Granite paving, zi. 136, 147 
Horse-keep, ziii. 301 
Hooas refuse, iL 55, 131 
Houses, zi 135 
Market, zi. 141 
Mortality, ii. 108 
Htinicipnl buildings, zL 136 
Population, zi. 135 
Public works, xl 135 
BateaUa value, xi. 135 
Boads, mileage, zi. 136 

rolling, vii f. 140 

Sewage pruoesa, zi. 137 
Stone breaking, zi. 137 
Street improvements, xL 136 

watering, zii. 244 

Tool sharpener, zi. 137 
Tramwajs. viii. 223 
Victoria Hospital, si 145 
Waterworks, xl 138 

68. BUBTONON-TBENT 
Horse-keep, ziiL 301 
BemovinK house refuse. li 59 
Sewage fiarm, xv. IBS 
Stroot watering, xiL 244 

89. Buay 

Bridge, x. IS 

Building bye-laws, z. 17 

Cemete^, z. 28 

Cloaeta, z. 30 

Contracting for town work, iv. 85, f, 272 

Destructor, x. 20-ziii. 249, 254 

Diatrict meeting, z. 7 

Drainage area, z. 8 

Early biatory, z- 7 

Fire atiition. x. 38 

Gasworks, x. 12 

Induatries, z. 7 

Infectious hospital, z. 18 

Local government, z. 7 

Markets, z. 8 

Mortality, ii. 108 

Mortar making from town refuse, z. 21 

Polioe station, z. 22 

Population, x. 8 
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Bateable valna, i. 8 

Befme collecting, cost, iv. 84 — z. 2 

di«po»l, li. 59— xiU. 249 

Sewage diapoaal, z. SO 
Sewei TeDtilaticm, i. 55, 852 
SitoatioD, I. S 
Street imptovementa, z. 16 

miledge, x. 8 

pavementa, z. 23 

TownS yard, i. 27 
TramvajB, ix. 23—1. 16, 41 
Water rates, li. 160 
iupply, iii. r. 211 



70. BUBY ST. EDMUNDS 

SeiragB Tolimie, li. 158 

71. BDXTON 
Bemoviag hoiue refiue, li. 59 
Senage treatment, sir. t IGO 
Water supply, iii. f. 214 



78. OALVEBLT 
Water rapply, UL f. 214 

73. CAMEEXWELL 
Streel watering, ziL 245 

74. OAHBBIDOE 



70. CANAL BOATS 



Beddinj; ahoald be ranoraUe, 

Bed looker^ ii. 10 

(Jab[D apace, iz. 8 

Cabina, cement floors, li. 10 

height, ii. 14 

liaiugB needed, iz. 9 

ventilatioD, iz. 9, 10 

Canal Boata Act, o^>eratiDQ of, iz. 7 
Ohange of captain, iz. 12 
Childien in, iz. 12 
Deflcienaiea, iz. 8 
Field's boiler on aleam tugs, is. 55 
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Hollow bulkheads, iz. 
Inspection, iz. 13, 15, 16 
Overcrowding, iz. 11 
Poinnnona vapoura from cargoes, ii 
Propulsion, iz. 9 
Sopanition of the aezes, iz. 1 1 
Sleeping amommodatiDn, iz. 8 
Water supply, iz. 13 

73. GAXAL8 
Exeter, ir. 255 
Hanley, ziL 161 
Maacheater ahip, XT. 56 

coQlmet price, zv. 57 

— — ■ dimeosiouB, zv. 57 

ezoaTation. zv. 58, 64 

looka, XT, 58 

mftehinery, zt. 59 

Torkahire oauaU, iz, 7 

CroaaiDg aqnedocls, zv. 62 

railways, zv. 63 

roads, zv. 64 

Daplh, ZT. 57 

Lina for baigea, zv. 62 

Low bridges, iz. 9, 16 

Oaiers, reCnra &om, iv. 272 

Side slopes, zv. G2 

Steam-tug towing, iv. 271— iz. 9 

Tonaels, iz. 9 

WashofbankB,iT.271 

Width, ZT. 57 



77. OABDIPF 
Contracting for town work, if. 85, 
Dust oalleoDog, ii. 113 
Horse-keep, ziil. 301 
Befuse colleotiug, cost, iv. 84 
Boad rolling, viL f. 140 
Sewage Tolume, zi. 158 
Tramwavs, viii. 225 
Water okaeta In, ii 28 
. supply, iii. f. 214 

78. CABLISLE 
Ani^ent sanitation, viiL 12 
Area, ziv. 800 

Conrta, laneai and hack streeta, ziv 
District meetloe, z. 44— xIt. 248 
Forced earth, vUi. 14 
Galliea, ziv. 262 
Lazonby flags, liv. 266 
Markets, xiv. 248 
Mortality, viii. 32— ziv. 308, 310 
Mnnioipal wotk, ziv. 271 
Open sewen, viii. 14 
Pavements, coat, z. 65 
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PoHoe 8t»tioD, dv. 260 
PopnUUon, x!t. 300 
Pul>liobBUii,iiv.2T4 
BaUable ralae, liv. 300 
BemoTing hoiue lefnaa. iL Si 
SlxDgbter houses xir. 25<i 
Trap gallies. viii. 16 
Water cloaetB, i'" '" 



- snpply, : 



i.160 



t.351 



79. CABMAETHEN 
Wntet snppl;, iii. f. 214 

BO. OABNABVON 
Water Bopplj, iiL f. 214 

81. CA8TLBP0BD 



89. CEMENT 
Crimp, W. 8^ paper on, it. 122 

Age impTOTea, Ti, 71, 72, 74 
Books, XI. 124 

Burning, iv. 124 

Clay in, T. 30 

ComAired wilh plaster of Faris mortar, vi 

212 
Couditiong affeotinK, t, 30 
Cooling. ». S."!— liii. 202 ' 
Degree of ftneneaa, v. 31— XT. 126, 129 
Drying, xv. 124 
Early works, i». 122 
English caielesBly made, Ti. 71 
Expansion, xi. 244, 253— it. 125 

breaHng »e«er pipe joints, it. 1S9 

Bxtra Qiien, a at Email extra cost. it. 129 
For arUSi'inl atone, xlii. 202, 207, 209, 213, 

214 



Free lime, xt. 125 
Oriudiag. it. 126 
How made. t. »0 
ImpalmlHlitj essential, it. 126 
Inatt-'Bd uf lime in bnilding, t. 28 
Lining for sewers, t. 27, 91 
Manipalation, zt. 123 
HalerJals, xt. 122 
ProportionB, it. 123 
Piuiiiig, T. 31, 55— ¥i, 74 
Qnalities, t. 30 
Bate ot Betting, t. 30 
Bornan, for aewet joiats, t. 52 



Bosendale, tL 58 
Band test, it. 128, 134 
Boott'B. ii. 39 

qnalitiet, xi. 147, 143, 15L 

Be» water streagthens, t, 55 

SeUing, T. 35 

Bewaga cement, 1. 1 14 — ii. 39 — xi. 137 

ooBt,i. 115,118 

no dampness from. i. 118 

. quslitits, Xi. 147, 148. 151 

salt in. i, 118 

Talue, i. 115, 118 

Silioating, TJ. 60 

Slip, IT. 124 

Slurry, it. 124 

Speoieofttions, iii. 86— v. 37— s. 24— xiii. 

202, 207, 208, 213, 214— it. 126, 132, 

133. 

for sea walls, xiii. 105 

for tr»n8»eiBe test, t. 85 

in relation to ocet of mortar, xt. 130 

suggeslsd, IT. 131 

uniformity needed, it. 135 

SperiSc graiily, it. 128 
Btiengtb lest, genernl utility, t. 34 
Sun'a effect on, xiii, 202 
Tensile Btrength, t, 32— it. 127 
Te«t blpcks, T. 33 

filling into mould, it. 132 

proportion of water for, it. 132 

Testing, fit. 8e-XT. 126 

on small works, t. 31 

Testa, t. 31 

simple, T. 85 

Undei-buraing, t. 30 

Under-bumt. IT. 125 

Uniformiiy desirable, tI. 71 

Urine, etfcct on, xIt, 286 

Volume of mi»tar in proportion to Tolone 

of sand and cement, XT. 120 
Weight, T. 55— XV. 127 



83. CEMETERIES 



DaugeiB of, liiL 277, 278 

Draining, xiii. 278 

Folinting water supply, xiT. 170 

Boil for, liii. 277 

Waita snppiy drawn liom, siit, 283, 284 

84. CESSPOOLS 
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Better Uun bad w.&'b, ii. IM 
Cannot be made impermsable, z. S4, 39 
Inferior to iretems neces^iit&iitig fh^nent 

reiDOval of eiereta, ii. S6 
Model Bje-I^ws, Iv. 196 
No pover to nbolUb, zv. 113 
Still permitted, sLGS 

8S. OHABOOAL 
Abeorbing Mwer gas, i. 54, 59, 56, ISO 
Brooks's sewer ventilktora, i. 55, 185 
Coat of veDtilatora, i. 57, 188 
DeetrojB organio matter, i. 181 
From atreet sweepiagB aa a deodoiiKr, 
i. 106— U. 135 

town refine, ii 82, ]»t— vi. 142 

oort, ii. 8* 

SuTiaon'a Tentilator, 1. 1S6 
Hildied's loutilator, i. 186 
Id aewer Teatllaton, objectioiu to, Iv. US, 

Jaooba'a TeetUator, i. 59, IS6 
I^tham'B sewer veutilaton, i. 54, 56, 165 
Feat, for mteilnK sewage, ziL 91 
Tnija in sewer ventilalore, i 54, 55, 56, 57, 
164,192 



86. CHATHAM 



87. CHELMSFOBD 



88. 0HEL8BA 



89. CHELTENHAM 

Altitude, ili. 137 
Bird's lewai^ prooesa, iii. 140 
Cemoter;, ill. 141 
Ooat of seweTBge, iii. 140 
Dirtdct meeliiiK, iiL 135 
G«ology, iiL 138 
Gradient of lewer^ iii. 140 
Length of sewers, iij. 139 
Lime prooeee, iii. 139 
Mortality, il. 108— iii. 141 
Sanitary development, ill. 137 
Sewage irrigatlDD, iiL 140 

Tolnme, vi. 155— li. 158 

works, iii. 138 



Sewerage rate, iii. 141 
Water coDsnmption. vl. 1S7 



90. CHEPSTOW 
Water supply, iii. f. 214 



91. CHEST EB 



lep, xiu. 301 
Sewage Ttdnme, t1. 155 
Sewerage works, L 214 
Water sopply, vi. 1S5— iIt. 351 

Q!i. CHICHESTEB 



98. CHIHNBTS 
Model Bye-Laws. iv. 198, 199, 201 
Booldng, li. 243, 253 
Btraigbtening. xi. 24S 



94. CHI8WICE 
r.I60 



9B. CHOBLET 
Horse-keep, xiiL 301 
Sewage volnme, vi 155 
Water snpply, vl, 155— xIt. 351 



98. CINDBB SIFTma 
U. 21 
Abuse <a, ii. 118 

97. CLEATOB HOOB 
Water supply, iii. f- 214 

98. OLBBEENWELL 
Street watering, zii SS44 

99. CLBTEDON 
Water Ripply, ziv. 351 
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i. 124, 149, ISO, 153 



100. COLCHE^TEB 

Oontmoting Tor town work. It, 85, f. 272 

District meeting, li. SI 

Haln drainage worka, xL SI 

fie«uge sjBtem, xi. SI 

Sewer Teutilatton, i. 55, 256 

Street lighting, ii. 192 

lOL OONCBETB 
Ahsoiption bj, vi. 62, 6S 
Beach HhinRle, liL 124 
Oarer and Latham's mixer, liii. IttS 
Cama^'Way fonadationB, t. 22, 23, 2S, 

47, 4S 
Contraction, xiii. 196, 197, 205, 206, 208, 

209, 214 
Goat, iv. 169 

Crosliing atiaina, iii. 85— v. 36— vi. 61, 65 
Delay between iQixing and using does not 

impair it, iii. B5— v. 36 
Dock walls, XT. 60 
ExcBBB water in 
Expansion, xii 

209, 214 
oonnteraoting, i 

— liii. 196, 197, 2(io, iuo, zuB, zwj, ^ii 
FineDOBS of oement for, t. 31 
FloniB, xiv. 280. Ii86 
Footways, ti. 137— xi. 179— xii. 123— 

xiii. 192, 201— liv. 133 

coBt. 203, 204, 205 

foundations, xiii. 196 

tngtedieata, xiL 124 

laid in litv, xiii. 205 

Foi asphalt foundations, tL 46 

building, xii. 114 

cheap dwellings, ii. Ill 

sea walls, x. 148— xiii. 105 

sewers, vi. 98 

waterworks, xiL 114 

From broken pottery, vi. 59 

Granite, crushed, xii. 124 

HomoKeneity, t. 48 

Imperial stone, xiiL 201 

Kerbs, xii. 147 

Uacadam, x. 68 

Making, for bridge work, it. 1G7 

Miierii, xiii. 105 

Mixing, iii, 86 — xt. 62 

Often Tery inferioT, ii. 114 

Oifijrd sewers, iii. 147 

Porous, xiT. 2S2, 289 

Boad foundations, TiL 29, 31, 32, 40, 45, 

47,51 
Bcsendale cement, -ri 58 
Bules for laying, xii. 123 
Sewage strengti^ena, 



Slabs for paving, disadTantaffee, xiiL 201, 

205. 213 
Tensile test, tI. 61, 64 
Teatbriqaettefcvi. 61 
Tubes for sewers, ji. 5S 

absorption by, vi 62, 65 

hardening, ti. 60 

history, Ti.58 

jointing, Ti. 63 

maieriala, ri. 59 

mixing, ti. GO 

silicatuK, Ti 60 

Walker's, xiii. 204 



lOa. COBPOEATIONS 



Aoqnire own gasworks, xL 22 

Borrowing powers, xi. 21 

Cemettriea, xi. 23 

Expenditure (iharts, xiL 21 

House drsJDs in own hands, xi. 22 

Infectious boepilaU, xi. 23 

Mortuaries, xi. 23 

Owners and houss drains, xii, 136, 137, 

13S, 147, 153 
Position in regard to electrio lightiuff, it. 

176, 178, 179 
Powers of, ix. 109, 137 
to cloBB private slaughter-luniBee, xii 

Price books, xii. 21 
Pablic baihs, xi. 23 

slaughtor-houBee, xi. 23 

Beaponsibilily for flooding, ir. 227 
Scavenging by, xi. 23 
Soweraga in own hands, xi. 22 
Street maintenance, xi. 23 
Supply of electricity by, ix. 146 
Water supplj shoold be in their own 
hands, xi. 22 

108. COVENTBT 
Alumina sulphate process for sewage, 
sewage manure, analyses, L 

cost, L 101 

Contracting for town work, it, 85, f, 272 
District meeting, ii. 154 
Horse-keep, xiii. 301 
BemoTing house refuse, xi. 59 
Boads, maiutaioing, cost. It. 82 

, materials used, iT. 81 

Sewage treatmenl, xIt. f. 160 

volum^ Ti. 155- X. 158 

works, iL 158 
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Sewer ventilatioD, I. 5S, 256 
Water Bariplf, vi. 155 
workfl, U. 156 

104. CREMATION 



Advantages of, xl. 1S6 

AatopBiea, xiii. 2S2 

Olinrch of Engluid Bervioe oppoees, xiii. 

285 
Coel. xiii. 281, 2S7 
CmU;. li. 199 
Ctutodj of whee. xiii. 2S1 
Vol deattoying' all bodies having iitfeoUons 

diaeases, xiii. 2H8 
Gorini aystem, ziti. 280 
Opposition b; clergjmea and undertakBra, 

xui. 283 
PlOEreM of, siii. 260 
SafeguBrds, xiii. 2S2 
Biemena Byatem. xiii. 280 
Variiios forma, liii. 279 
Weight of aabes, xiii. 287 



108. CBEWE 
Abfttlolts, XL 133 
Ensilage, xi. 199 
Fodder ailo, xi. 133 
Market, xL 133 
Bemoving house refnae, xi. 59 
Sewage farm, xv. 1 85 

volume, xi. 158 

Snpplemeutoij meeting, xi. 133 

106. CBIEFF 
Water BUpply,ia£2U 

107. CB0SSNBS8 
Sewage tieatmoDt, xit. f. 160 

108. CBOTDON 
ConttiLOtiTig for town work, iv. 86, f 272 
Ooat of paiementa, x. 65 
Footwaya, IT. 189 
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WUku, Dr., i. 120— iiL 189 

Winkteld, iii. 158 

Winehip, O., ix. 188, 197, 199— xi. 169— 
XV. Ill 

Witt^ J. W., xiU. 108 

Wright, J, It. 232— *ii. 68 

116. DISINFECTION 



ifothei, IL 23— iT. 76— IT. 31 
DwellingB, ii. 23 
Hmpttul. liL 39 -xir. 121. 142 
Ljon't dLrinforlorB, xiL 39, 45 
Textile fabrics, U. 23— It. 76-h 



Cooorete walli, XI 
Pemrtoeks, vi. 6 
BluioeBiii. 5 



IIX DOCKS 



Hall rarry-lKNtt, x' 
Mereoy, t. 45 
Salfonl, IT. 60 



118, DONCASTEB 



119. DBAIN PIPES 
Acme pipe, x. 137 
BothaoVt socket pipe, i. 136 
BonlnoU's joint, i. 137 
Brooke'B mbsotl drain, x. 135 
Bnohaa'B pipe, x. 137 
Capped pipes, objections to, I. 141 
Cast iron, x. 251 
Cement juints, x. 132 
Claj joints, x. 132 
Creeke's capped pipe, l. 134 
Donllon's operrnlar pipe, 1. 135 
Uassall'a, xi. 184 
Inghiim's rest pipe. x. 141 
Jennings's i«ddle pipes, x. 133 
Joints, xi. 83, 184— xii. 128 

broken bj disturbnnoe, x. 133 

JoDse's drain pipe, x. 137 
Laying, xi. 184 

in wet ground, x. 140 

Haguire's safety joint dnin, x. 186 

Hawber's socket pipes, z, 135 

Metal, I. 236, 241, 245, 249, 251 

Kest pipe, x. 141 

Socketed stoneware pipes, jointing, i. 

Stanford's joint, I. 135 

Stiffs dnin pipes, x. 134 

Tree roots entering, x. 141 

Water Uet for, x. 236 



laO. DBY CLOSETS 

Birmingham, Tii. 81 
Hereford, iv. 128 
Leicester, x. 50 
Mancbeat«i, iL 21 
Nottingham, x. 49— xi. 188 
Boehdale. t. 119 

Onder sifting ash closets, iii 117, 120, 196 

Cleaning pells, x. 47, 49 

Collection from causes onidanee, ii. 25 

Compared with w.c's, xiii 183 

Cost, iiL 118, 119, 196, 203, 208, 210— x. 

47,50— xi. 188— iii. 194 
of collecting from, L 87—1, 29, 87, 

39, 40— zii. l:^ 104 
Dangerous to health, xL 198 
Divided pul, i. 39 
Uo not dispenM nitli aewerii i. 87 — t. 112 
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BolidB onlj retainsu, n. -t. 

Draining nrine from, i. 39 

Dantton, xi. 183 

QalToiiised pailg, x. 50 

Goax sj»tom, iii. 119, 207, 2118— t. 105 

GratingB for Beparuting asliea from bulky 
matters, lii. 102 

Halihi Byalem, iii. 119, 207 

Lessen the luort&lity, ii. 32 

Manchester Bjatem, iii. 117, 120, 196— vi 
22 

Hanora 6om, saleable valne, i, 19, 50 

Model Bje-LiiWB, iv. 195 

Monrell'B, iii. 118, 120, 202 

Oak pails, i. 50 

Pails, Ui. 120, 2H>-i. 50— jlL 188 

for infected liouaes, i. 49 

Bejeoted by the rii:li, a 54 

Eequiro Bttention tiiat caunot be enforced 

ii. 26 
Bochdale, mannro from, iii. 206 

" separate "siBtem, iii. 119, 204 

Salfon) Byatam, iii. 118, 120, 202 

Savage's m-slem, vii. 74 

Turner & BobertBb bit's, z. 30 

Where suitable, i. 87 

Tfith diaphraBrn to Bei'arate solids from 

liquids, ii 38 
Woodeo, xi. 188 

131. DUBLIN 
Domestic water consumption, iii. 52 
Tramways, viii. 226 
Water oonanmption, iii. 52— ly. 133 
sapply, iii, t 214 

123. DUDLEY 
CoQtraoting for town work, iv, 86, f, 272 

Mortality, ii. 108 

Befuse collecting, cost, iv. 34 

Boada, maintaining, cost, iv. 82 

malflriala osetl, iv. 81 

Street watering, iii. 244 

183. DUKINFIELD 
Bainfoll, tL 167 

Bewenige system, vi. 167 
Water supply, vi. 168 

184. DUMBARTON 
Water snppl;, Ui, f. 214 

135. DUNDEE 



186. DUST-BINS 
Aooessible from back, iL 118 
A receptacle for slops, x, 51 
Oindemnod, ii. 105 
Dangerous, ii. 105 
DimBnuions, xi. 56 
Disease arising from, ii. 113 
Emptying at nigbt, i, 46 
Fixed should not be allowed, x. 48 
Necessary in spite of wataroloset system. 

Neglected by authorilles, xi. 23 

Nuisance due to inflrequenoy of emptying. 



must arise from a fixed 



reci-ptoole, i. 48 
Periodical emptying, xi, 57 
Should be replaced by palls emptied Mch 

morning, ii. 106 

187. DWELLINGS 
Air space, x. 95, 119— xil. 20 

provision io Birmingham, i, 89 

table of towns, x. 104 

Ancient, sanitation, viii. 12 

Artinans', see Aiiisam' Daellingt 

Baths, 8elf-*cling flush for, i. 250 

Built before 1846, faulty drains iu, viiL 25 

Careless diainage, i. 42 * 

Oarliale foundatione, viii. 14 

Chart, showing range of State control, i. 

102, 103 
Communal, disease in, iv. 64 
Ooiiuret^ ii. Ill 
Damp-proof conrse, ii. Ill— iv. 198, 199, 

201 ' 

Disjnfeoting, ii 23 
Division walls, xii. 20 
Escnpe of sewer gas into, i. 170, 171 
Excrement flues, viii, 12 
Garderobo towers, viii. 12 
HooBO drains, i. 170, 171 
Indoor w.c'b crndemned, ii. 104 
Labourers', sec ArtitnntF DadUngt 



Model anangsment, viii. 26, 2S 

Newman's trap, x 243, 259 

Outside wall^ air space in, ii. 111 

Overcrowding, L 43 

Overflow pipes, i. 2S7 

Private building, pablio supervision of, x. 

83 
Booms, height of, it. 182 — xii. 20 

size, iv. 200 

Sanitary certificate, vli. 110— viii 117, 

118,119,120,121,211,215 
inspecting and testing, x. 234 
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Seirei gas introduced b; rain-nater pipes, 

i. 178 
Sinks, I. 237, 245 
Soil pipes, X. 238 
Traps, I. 171— X, 237, 2*3, 259 
Unfit for habitation, i 43 
Ventilating house drains, i. 189 
Water cisterns, i. 238, 242, 245 

traps imperfect, i. 171 

■Waste-water pipes from, i. 180— x. 237 
What might be embraced in a general Act 

of Pailiament, x. 88 

138. DTE WATEB9 
Dewsbnr^, vi. 123 

Kidderminster, xiii. 148 
Leeds, iii. 109 
Lnton, xiv. 85, 93 

Cheniical treatment wilt not Kmore, ziT. 

85,93 
Cleansed bj chaiooal made from to«n 



129. EALING 
Chalk, X. 205 

Destnictur, xiii. 232, 247, 254 
District meetini;, z. 189 
Fire brigade, x. 197 
Oeologj, X. 201 
London oUy, x. 207 
Mortality, x, 1"" 



Befuse dUpo<al, xiiL 232, 247, 254 
Roads,!, 196 
Senaga systiim, x. 192 

Tolume, vi. 155 

Bener ventilation, i. 55, 256 

Street lighting, ii. 192 

Thsmes valley, x. 206 

Tree plan ting, x. 197 

Tnenty years' developmeul, x. 189 

Water snpply, vi. 155 

130, EASTBOUBNE 
District meeting, viii. 6 
Foatvaya, xv. 189 
Sewage disposal, viii. 7 



Sever ventilation, i. 55, 25S 
Shone's ejector, viii. 6— xiv. 318 
Street lighting, ii. 19^ 

131. EDINBDBGH 
Concrete maoiidam, x. 63 
Cost of pavements, x. 65 
Footways, xv. 189 
Boad rolling, vii. f. 140 
Sevage tana, xv. 186 
TruQways, viii. 226 
Water rates, xL 160 

laa ELECTEIC LIGHTING 



Blackpool, vi. 137 

Leamington, xiv. 215 
Son thaw pton, xv. 38 
Wimbledon, li. 205 

Accnmulators, ix. 1S8 — xv. 172 

Act, 1882, viii 170, 174— ix. 165— xii.262, 

263, 264 
Act of 1882 oompaied with Train«ni,fB 

Act, xii. 264 
Air fouled bv, vi 18, 19, 20 

heatedby. vi. 21 

Alliance system, vi. 15 

Alternating currents, ix. 165, 172 

Amp^, viii. 180 

Arc lamps, viii. 64, 180— xv. 162, 171, 177, 

178, 179 
Arrangement of mains and Bervioe linos, 

ix. 152 
Board of Trade impootiona, xii. 262, 265, 

267 
BoUers for, ix. 156, 169, 171 
By destructor waxte heat, xv. 38 
Carbonio aoid produced, vi. 19, 21 
Central stations, xii. 266— Xv. 172 
Circuits, IV. 168 
Circuit wire, xL 205 
Clamond burner, viii. 197 
Cumpared with gaa, vi. 18, 25, 27, 80— xi 

206, 2-20 
Compulsory puiohase of undertakillgs, xii. 

263 
Conditions various, vi. 10 
Conductors, xiL 271 
ConneclioD boxes, ix. 151 
Contact breaker, Ix. 162 
Continuous currents, ix. 165, 172 
Copper wire, reeistance. ix. 154 
Corporations laying wires, ix, 147 

providing genurating etation, ix. 147 

supplying their own, ix. 146---XT, 177 

V. Omipanios, xv. 176 178 179 
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Cost, Tiif. ( 

178,179 

compared vith gai, xit. 215 

Coulomb, TiiL 180 

metera, is. 163 

Damp, effect on vina, ii. 151, 166 
Dangew of iuipropec use. Till. 175 
Direct rajB, avoidiog, vi. 17 
Dutribntion of lights, vi. 26 

with secondary batteriee, ix. '. 

Double TefleotioD, tL 17, 28 
D;namo maobine, viii. 177- 

205 



206, 220— XT, 175, 



157— 



— choice of, K<r. IBS 

ao8t,ix. 157 

fouDdatioiiB, ix. 167 

testing, 17. 165 

Economy, vi 30 

E1ectric«l presfluie, ii. 161, 1S7, 173 
Electro-mairietic units, viii. 179 
Energy meters, ix. 162 

traastonnod into light, tL 29 

Engines, ix. 156, 169, 171 

choice of, iv. ] 63 

gHB, vi. 11 



Ffmd, viii. 180 

Fire rista, riii. 175, 177, 201— xv. 169 

Fitnesi for locality, vi. 16 

Flickering, vi. 17 

Fog, efiecl on, vilL 69 

From lar|^ generating centres, viii. 171 

Fuel for, ix. H9 

Fmiible plu^, ix. 151, 161, 171 

Qbs compuuet have no claim to distribute, 

Ti. 30 

engine cost, tI. 11 

Gauze screens, vl. 28 

Oeuecatlng etations, ix. 148 

" Ooiiig ooncom," xii. 26t 

Onunms ayatem, vi. 11, 12, 14, 15, 16, 22, 

24, 25, 26 
Heat deTeloped, vi.21. 22— viiL 202 
Heuting suifoce, vi. 23 
High-preseare lamps, ix. 161 
History, viii. 62 
Horse-power, cost, vi. 11 
Hour meters, ix. 163 
How produced, vi. 29 
JDlominatiiig powers, table, viii 167, 201 

utility, Ti. 15 

factor, ascertaining, vi. 16 

Inoandesrant lamps, viii. 64, 180 — sv. 162, 

169,177,178,179 
iDstallatioo, basis of an, xv. 162 

oost, ix. 157, 169, 171 

Inanlation of wires, iv. 167 



Insulation lestslonce, xv. 168 

Interiors, vi. 17 

Jabloohkoff system, ri. II, 11, 15, 16, 22, 

23, 27- viii. 64, 67 
Joints in wires, xv. 168 
Lampe Soleil, viii. 65, 87 
Lamps, viii. 179— xi, 206~xt. 162, 169, 

177 

arranging, xv. 169 

Lead batterits, ix. 158 

Leabace from nnderground wirei^ ix. 151 

Life risks, viii. 175, 179, 201 

Light, sonrces, viiL 62 

Lnininous intensity, vi. 15 

Magnesium burner, viii. 197 

Hsius, ix. 149 

in subways, ix. ISO 

sizes of, ix. 154 

Hany-light machines, vi. ID, II, 15, 16 

Meritens system, vi. 15 

Meters, ix. 1G2 

Motors at generating slations, ix. 155 

Nitrooa oxides emitted, vi, 18, 19, 20 

Noxious emanations, vi. 18, 19, 20 

Ohm, viiL ISO 

Overhead wire*, sanction for, xii. 265 

Parallel ayitem of supply, ix. 160, 166 

Peculiarities, vi. 29 

Photometric tesbt, viii. 163, 198 

Position of Borough Engineers, xv. 161 

Poet OfBce interference, xiL 265 

Power for, xt. 162 

Price for gnpplj, ii. 162, 167— xv. 178 

Public examptes, viii. 171, 172, 173 

supply, XiL 262 

Quali^ of rays, viii. 169, 197, 201 

Quantity meters, ix. 163 

Beflectora, vi. 17, 24. 26, 27, 28— iL 206 

Regulating, xiL 268, 2G9, 270, 271 

Eoport of Belect Committee, tL 29 

Beeiatanoe in winee, ix. 151 

Buhber, testing, xv, 167 

Bules or Society of Tele^ph Eogineen 

for preventing risks, viiL 176 
Safety fnues, viii, 199 
Sanitary aspect, vL 18 
Secondary storage batteries, ix. 158 — IV. 



I of supply, ii. 148 
Series system of supply, is. 160, 166 
Berrin lamp, vi. 11, 13, 15, 24 
Shadows, vi. 17 
Siemens system, vL II, 13, 15, 16, 22. 21, 

28 
Single-light machinea, vL 10, 15, 16 
Bite for station, Ix. 119 
Speed regulating, ix. 157 
Steam engine, oust, vi. II 
Supply for all purpoaca should be in same 

bands, ix. 166, 168 
mode of, ix. 160 
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Swan lamp, viii. 203 
Bwifa:hGa,ix. 151— XT. 169 
^ Thomson -HooBtaii Bystem, xiL 2GT, 271 
Tranamittine, vi. 16. 2S, 30 
Trottert reffectora, ri. 206 
Types of syBtonis, vi. 1 1 
Unita of prodnotioii, st. 162 
Volt. yiii. 180 
Water power, ii. 118, 168, 178 

protecting wires from, ii. 151, 166 

Weber, riii 180 

WerdermsDn BTBtem, Ti. 17, 22— Tiii. 203 

Whitewaahed board reflecton, tL 28 

Wilde ejfltem, tL 15 

Wirca, viii, 177 

amtngement, ix. 152 

carrying, ix. H9 

connectionB to hODBes, ii. 151 

coat per mile, ii. 155 

in hollow caat-inm kerbs, ii. 152 

— in tabea, ii. 150 

— laying, vt 30 

— lafiog in bitnmen. ix. 132 
lead ocuted, U. 152 

L.1G5 



- orerbotd. ix. 150 



gnitable, is. 149 

nndeigioaDd, ix. ISO 

Wiring, XT. 166 



134. EMPTT HOUSES 
BoileTB ahoold be emptied, ii. 99 

18fi. ENFIELD 



1S6. EKNISEILLBK 
Water anpply, iil f 214 

187. ENSILAGE 
Feeding valne, xi. 200 
Fnm BCw^e forms, xi. 199 
Making, xi. 199 

188. EXCAVATINO 
Thnrsby, P., paper, iv. 24B 
HBDOhester ship canal, xt. 58, 61 



By iud of metal oTiindpra, xii. 73 

ClHy. aUff brown. 'iv. 248 

Machines, xt. 59 

RustoD, Proctor and Co.'b ntachioe, iv. 21S 

Steam barrow roads, xt. 61 

- navTy, iv. 248 

cost, iv. 250 

cost of working, iv. 2S0 

working capacity, iv. 250 

Tipping ways, x». 5» 
Waggon waja, xt. 39 

139. EXCBETA 
Collecting, iiL 211— vii. 81 
Coat of disposal by Tariona metboda, x. 3S 
Disposal in Hanchestei, ii. 20 
Drying, ix. 47, 50 

- pinain'a machine, t. 107 

- Bocbdale, v. 104 
Farmer's dijer, ix. 47 
Hareecoagb's dryera, ix. 50 
Haiichester dry system, Ti. 22 

Hannre from, saleable Tsloe, x. 19, 50^ SI 

Scotfa, iL 39 

PalverjsiDg, ix. 47 
BemoTal. xii. 103 
ooat, Warrington, v. 110 

- dry, Hanchester, iii. 195 

- Leeds, Ti. 140 
Bocbdale manore, ix. 50 
Belling price, li. 189 
Blop-water carriage system, x. 32 
Water and dry carriage compared, viL 98 



140. EXETEB 
Canal. iT. 255 

dredging, iv. 238 

- early histo^, iv. 255 

- osier beds, it. 272 

- repairing lock, iv. 260 

- ateam t™ on, iv. 271 

- suggested improvementa, iv. 859 
District meeting, iv, 253 

Water supply, xiv. 351 



141. FALMOUTH 
Street l^htisg, iL 192 

142. PABNHAH 
Watersnpply.iii. f. 211 
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148. PABNWOETH 
Street wateriuft xli. 241 

144. FTLBT 
Watei mpply, iii. t 2H 

146. FIBE PREVENTION 
Firaproof doon, i. II 
Hydranta, xii. 63, 242— xit. 174. 177 
OnUide galleries, i. 41 
Party walls, 1. 41— Iv. 270 

taken throngb root, 1. 41— It, 270 

Street Are alarms, xiv. 36S. 373, 374 
Timber in party walla, i. 41 

146. FLINT 
Water sapply, iiL t 211 

147. FLOODS 
Klddenuiniter, xiii. 156 
Leioeeter, z. 162, 175, 177 
Market HarbDroi))[h, HI. 131 
Nottingham, ziL 163, 1S8, 193 

Canses, tIL 133, 135 

EatimatiDg piOTiaioii for, i. 178, 186 

Floodgatee. x. 175, 177, 184 

QedooT, influence on, xii 131 

MoTftble WBUB, I. 175, 177, 184 

Preventitm, x. 182, 175, 177— riL 1B2, 168, 

188, las— xiiL 1B8 
PreTentioD Bill, nL 128 
Biparian ownen' euoioaeluueiiti, xii 131 

148. FL00B8 

Cawnete, xlv. 280, 2S6 
Hoipital, X. 77, 78 
Blanghtet^hoiue, xiv. 257, 280 

14g. FOLKESTONE 
Harg».keep, xiii. 802 
Sewer Teutilatlon, i. 55, 258 
Street lightinK, IL 193 

100. FOOTWATS 
MacBisir, B. A, Btatlttioi of, iv. 189 
Aahton nnder Ljna, xr. 169 



i. 81- 



r. 189 



Brighton, XT. 189 
Cambridge, it. 189 
Chelaee, xiii 200— XT. 189 
Oroydon, xt. 189 
Derby, x. 60, 61 
Eaatboonte, XT. 189 
Edinbnrgh, XT. 189 
Ely, XT. 189 
Glasgow, XT. 190 
QrMt Tarmouth, xii. 123 
Horasey, xt. 190 
Hove, XT. 190 
UoU, XT. 71 
Isliagton, xt. IPO 
Leicester, xiv. 21S 
Lincoln, xt. 190 
LiTerpouL x. 99 
Haoclesfleld, xt. 190 
Maidatooe, xiv. 120 
MaQcheater, IiL 54 
NottiDgham, xi. 178— XT. 190 
Oxford, XT. 190 
Ptymontb, xt. 190 
Beading, xt. 191 
Biuby, XT. 191 
Byde, xt. 191 
Torquay, xL 106— xt. 191 
Toxteth Park, xv. 191 
WolTerhamptim, it. 191 
Worthing, xt. 191 
Tarmonth. xt. L9I 
York, liT. 229— XT. 191 

Artifloial asphdt, xi. 106— xi*. 138 

rtone, xiii. 201 

Aspbalt, xi. 178— xiii 192, 209 

advantages, xiii 200 

comprsMed, xiii 192, 197, 206, 214 

aod ma«tio compared, xui. 197, 

206 

cost, xiii. 200 

cracks, liii 196, 197, 198, 206 

dutabOity, xiii. 198, 199, 206, 209v 

210 
— — elaitio bed between concrete and 

asphalt, xtiL 199 

expansion, xiii. 197 

fbnndation, liii 196 

mastio. liiL 196, 206 

tiafflo esaential to good wear, xiii 210, 

211 
Blnebriok, xiii. 211 

Gaitbneas flags, xi. 106— xit. 268, 281, 288 
Conorete, xi. 179— xii 123. 121, 116. 146, 

150, 152, 153— liiL 192, 201, 210— iIt, 

183, 229, 243— XT. 27, 84 
ooet, xi. 179— xii. 123, 146, 148— xiT. 

229, 243— IT. 84, 189 
conntaraating expansion, xii 124, 149; 

150, ISS—xiii 196, 197, 205, 206,208, 
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Conorete, dnration, xt. 189 

gsttiDg imder, zil 124 

gniDila chippiiigB, iL 179 

intjredieDls, lii. 124, 1S2, 153— st. 

189 

kid in ma. liii. B05, 210, 211, 212 

Tolm for laying, xiL 123 

Band, xii. 146, 152 

Blab«,iiL 145, 150 

diaadvftDtMgeB, ilii 204, 205 

Blipparineas, it. 18a 

table of retumg from towni, xr. 169 

thiefcncis, it. 189 

Ooflt; li. 179— iLi. 92, 128, 146, 148— xiii 

200,203. 204, 205, 211, 213— xIt. 12U, 

133, 229, 243— IT. 84, 189 
Oonnty rapture, liL 214, 215 
Feminiite alone, liii. 203, 209, 210 
Filling, li. 106— lU. 82— liT. 268, 281, 

288 

cost, lii. 92 

Flint gnvel, xl. 106 

QMaoTlthio, xii. 148— xiv. 120, 124 

Oravel, li. 106 

HigliwajB and LocomotiTs (Amendment) 

Aot, 1878, lii. 214 
Imperial atone, liii. 201, 204, 209 
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— — ■ absorption, xIt. 268 
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analjsis, xiv. 267 

— driUiag t«»t, 
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wi-ar, xi». 268 
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Limeatone flaga, xi. 106 
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249— XV. SI 
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Fmbuok flugs. li. lOS 
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xiv- 120, 124 
Tar paving, xL 106— xit. 138 
Tictoria atoae, xii 146- xiii. 203, 208,209 

durability, xii, 146 

Walker'a, xiiL 204 

York flags. li. 106— ili. 14G— ilii. 203, 209 

— liv. 120— XT. 71, 189 

coat, XV. 189 

durability, xiL 146 
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Leeds, vi. 149, 150 
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Borradaile'a goTemors, xL 111 
Bray's UnteroB, li. Ill 
Ciamond burner, viii. 165 
Compared with electrio light, n. 18; 25^ 

27, 30— riil. 65, 66, 67, 68, 69 
Conaumption, lii. 42 

varies with pressure, viii. 153 

Coat of lighting by, iL 111— xiL 42 
Dirt from, viii. 164 
Diatribution of lights, n. 26 
Early oppoaition, xiL 217 
EoDoomio prodnction, xii. 217 
Heat increased by preasuro, Tiii. 153 

produced by, vi. 21, 22 

Impurity, li. 210, 221, 222 
Lampa, improved, viii. 65, 67, 68 

table of powers, vUL 162 

Lewis's hnraer, TiiL 165 

Light lesMoed by preeear^ viit. 153 

Tonlilation of. TiiL 1.^7, 158, 164 

Lighting combined, with ventilatioD, viii. 

157, 158, 159 

open apacea, Tiii, 160 

Liqarv, uniaauce from, xi. 212 
MaiuB, iv. 99— v. 49— xi. 219, 227 

concrete roada protect, t. 49 

not laid deep enough, iv. 99 

who ahonld lay, xi. 219, 227 

Making, xi, 210— xii. 217 

ammonia yield, xii 224 

BeoDBtt's tar tap, xii. 225 

Blue Billy, xii. 219, 230, 231 

coal hreaMog, xii. 218 

Cooper coal-liming process, iL 211), 

221, 224, 225-xiL 221 

dry lime proceee, xii. 219 

i gascoua firing, xii. 225 

iron oxide procees, xii. 220 

nuiaance, xii. 219. 220, 222, 230, 231 

pariflcstion, lU. 219 

reduced profits, xii. 222 

regeaenitive buusMs, xiL 22S 
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sulphur as a bje product, xii. 221 

tar as fnel, lii. 225 

taps, lii. 225 

Vftlon's r^joiiBralive furnace, xU. 225 

Wesf a patent duuging and dtaviug 

upparatuif, lii. 219 
— — ■ wet lime pioooas, lii. 219 
Meters. li. 211, 217, 218, 219, 220, 221— 

lii. 41— xiy. 336, 342, 343, 344, 315, »tS 
averagB Hysteni, cost, iit. 312, 343, 

344, 345, 348 

working, lir. 331! 

in street lighting, xi. 214, 217, 218, 

219, 220, 221— lii. 41— liy, 3:i6 
HiHiee of pajment for, li. 208, 209 — xii. 41 
Much dearer than oU, zi. 208 
Noxioaa emanationg, vi. IB, 19, 20, 21 
Pipes traveraiog footpatha, vL 57 
Prices, vi. 149— liL 42, 109 
Purity of, viii. 163 
Quality. tL 150— Tlii, 163— li. 210, 221. 
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Diatriot meeting, xit 77 
Mortality, u. 106 
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Retort aaoension-pipos, xl. 211 
ISanitary gas making, zi. 210 
Smoke from, Tiii. 164 
Steatite flat OaniB bumetB, tiii. 152 
Street lamp governors, viiL 1S2 

lighUng, zi. Ill, 208 

Sugg's lanterns, li. 11] 

Sulphur eompoands, zL 210, 221, 222, 225 



103. GAS WORKS 

Wankljn, J. A., paper on, xi. 210 

Binninghao, ix. 19 
Blackburn, zii 18 
Bradford, liL 108 
Bonilej, xi. 139 
Bujy, X. 12 
Leeds, vi. 119 
Hsidstone, liv, 1D6. I2S 
Nottinghani, zii. 163 

Oondensere, z. 12 

Contaminating wells, xi. 212 

Ezhauslers, x, 13 

Foul material frmn, xi. 211 

Holders, z. Vi 

In bauds of local authority, zi. 22 

Mottr-housee, z. 13 

Ueters, x. 16 

Nuisance from, zi. 210, 215. 21^, 22 

Paridi r hniuen, x, 14 

Puriflers, z. 15 

iUtott beuohes, \. 14 

liouoes, I. 14 

Serabben,z. 12 



Boulder clay, v. 93 

Brickroaking day, 7. 95, 90 

Buildiug stones, t. 97 

Chsjracters of water from various forma- 

tiooB, ziv. SCO 
Drift sBud, V, 93 
Flint implements, z. 215 
Floods. inSoence on, lii. 131 
Glacial action, x. 20S 
Influence on water, liit, 158— xiv. 198, 207 

: wells, xi. 90, 92 

Hau in glacial times, x. 215 

Poat glacial beds, v. 91 

Relation to engineeriug work, v. 90 

Sand ^t Holes, v. 95 

Triaasio rooks, v. 97 

Triaesio surfaoo, i. 96 

! 156. GIJ.SGOW 

I Doniestio water consumption, iii. 52 

Footways, iv. 190 

HorsB-keep, liii. 302 
I Roadd, vii. 39 
j Tramways, viii. 226 

Water ounsumption, iv. 133 

I rates, xi. ICO 

I supply, ill. f. 214-iiv. 351 

i 167. GLOUCESTER 

Hcrst-koep, xlii. 302 
: Sewerage system, viii. 120 
Tramways, viii. 226 
Water supply, iii. f. 214— xiv. 351 
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Horse-keep, xiii. 302 
Street lighting, il. 192 
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160. GBBAT GEIU8BT 
BemoTm^ hoooe lefnae, xl. S9 

161. OBEAT YABMOUTH 
Ako, xii. 119 
Concrete footmyi, xlL 123 
Distriat meetinfC, liL 119 
Hort&lity, ii. 108 
PopaktiOD, liL 119 
Bi^ng uamtor for watering mads e 

flushing aewera, xii 122 
Bows, xii 119 
Sanitar; works, xii. 119 
Seawater works, lii. 122 
Sewera, xii 120 
Slanghtei-honses, xIL 124 
Streets, xii 119 
watering, zti. 244 

168. GBBENOCK 
Tramways, Tiii. 22G 
Water oonenniptioD, iv. 133 
, sapply, ifl. r. 214 
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164. HALIFAX 

Closets, iii. 119 

House refuse, ilL 209 

MoTtalitir, ii. 108 

Baaitarj arraagements, report, iiL 207 

Betrer ventilation, iiL 209 

Water rates, xi. 160 

168. EALBTEAD 

Bepanite dminage system, i. 149 

166. EAHPSTEAD 
Street watering, xii. 245 

167. HAMPTON 
Street watering, xii. 243 

168. BANDSWOBTH 
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Can*] bridge, xii. 161 

Contracting for town work, iT, 86, f. 272 

District meeting, tiL 58 

HoTse-keep, liii. 302 

Improvements, xii 1S8 

Lime mills, vii. 63 

Haikets, xii. 160 

Paving, xii. 161 

Popuiatioa, vii. 58— xii. 159 

PnkUo boildings, xii. 159 

Befose collecting, iv. 84— xi. 59 

Boads, iv. 61— xiL 158 

maintsinbg, ooet, iv. 82 

materials lued, iv. 81 

Sewage disposal, vii 61 

filtration beds, vii. 65 

precipitating tanks, vii 61 

reservoirs, rii. 61 

sludge beds, vii. 65 

volume, viL 66, 71 

works, vii 68 

cost, vii 66, 70 

Sewerage system, vii 58 
fiitnation, xii, IS9 
Street watering, xii. 245 
Subgidenoe, xii 199 
Town Hall, xU. 159 
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Area, xiii. 101 
A^peOt of the clifb, xiii 103 
Docb, xiii 101 
Headland pratoctioD, xiii 101 
Hflu^, xiii. 101 
Hurse-keep, xiii. S02 
Popnlation, xiii 101 
Sea enoiaachmeDts, xiii. 104 
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171. HABWICH 
Bemoving hoose reAisei xi. 59 



173. HASTINGS 
Oontraetliig fot town work, iv. 86, f. 272 
Home-keep, xiii. S02 
BeAise collect 

Boada, c _^. , - -- 

Boads, materials used, iv. 61 
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Sewage volnme, xi. 158 
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174. HBCKHONDWIEE 

DMtnictoi, liiL Z4S, 2S1 
Hone-keep, ziU. 302 
BefuBB diaposol, ziiL 240 

170. HSBEFOBD 

CetsapcuU, IT. 128 

Gontraotins for town work, iv. 86, f. 1 

Kartb closete, It. 128 

Horae-keep, xiii. 302 

Mileage ol itneta, W. 127 

Boada, mainbuning, oMt, ir. 82 

materiaJa used, iv. 81 

Sewage dtBtiibution, ir. 129 

outfall, iv. 129 

Bewenge, ir. 127 
Sewera, fluahing. it. 127 

venUlnUon, It. 127 

Situation, it. 127 
Wall* iHoteta, it. 128 

oonsnmption, iT. 131 

supply. It. 129— xiT. SSI 

waste, iT. 131 

176. HERTFOBD 
Bewage treatmeat, xIt. t 160 

. Tolume, iii. 123 

wotka, iii. 113, 122 

Water mipplj, xiT. 851 

177. HBTWOOD 
Water inpply, iii. f. 214 

178. HOLBOBN 
Street watering, xiL 245 
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Footways, xt. 190 
Btreet flra alarms, xi 
-watering, j" ' 



180. B0B8B-EEEP 
EajTB, J, T., paper od, xiii. 299 

Bedding, xiii. 299— tIt. 12* 
Pood, xiii. 2S9— liT. 12* 
Stati^ica or, xiii. 299— xiv. 124 

181. HOSPITALB 
Lawi, W. G., paper on, sit. 7 

Unuio, A. C, paper on, x. 74 
Bonnthwaite, B. S., paper on, xv. 



Blaokbam, xil. 2S 

Bonmemouth, xiL S8 
I Burnley, xi. 145 
I Bury, X. 18 
I Ealing, x. IDS, 220 

Maidatoue, xIt. 121, 142 
I Newoaitle, xiT. 7 
I Sunderland, XT. 28 
I Torauay.ii. Ill 

York, fever, riii. 49, 52 

Accommodation not only ocoording to 
1 density of popnlation, x. 7* 

AdminiitratiTe block, x. 75 
! Air space, x. 19, 76— xit. 7. 16 
' Ambulance shed, x. 78 — xii. 40 
I Anangenent of rooms, s. 18 
I Aapeol, X. 75 

Baths, I. 76— xiv. 12 

Bedding store, x. 76 
I Benham's stoTee, x. 77 
' Circular BtaiTcsaea,xi. 116 

CuDitrnotion, x. 18 — xiT. 9 

Corridoni, i 76 

Oorridor walls, xii. 39 

Coat. X. 19— Iii. 40— xit. 13, 121 

OuBt per bed, viii. 52 

Diainfectiug chamber, x. 78— xii. 39— xiT. 
15 

Duinfection, xiv. 121, 142— xr. 31 

Dr^nsge, xii. 40 

Elaratiun, x. 75 

Entrance! lo ward blocks, x. 76 

Female ward, x. 75 

Fittings X. 19 

Flouting, XiT. 7 

air spaoe per bed, xir. 16 

bathroom, xiv. 12 

dothea, disinfeoUoD. xiv. 15 

conatrnotion, xiv. 9 

cost. liT. 13 

oreoBoled deck, xi*. 16 

hot walvr supply, xit. 11 

moorings, xiv. 12 
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Floors, X. 77, 78— xi. 146— xt. 31 

Floor space, x. 76— xu 140 

Gas lighting, x. 77 

Gate lodge, i. 78, 79 

Gla2od tile walls, x. 79— xi. 146 

InfectiouB diseuo, for, x. 16, 74 

IsolatioD ocoomiDodation, x. 74 

Kitchens, x. 76 

Laundry, x. 78— XT. 31 

Laratory, x. 77 

Ledges hurbour dust, x. 77 

Lighting, X. 76 
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Ligfat Bpaoe, s. 19 

Linen rooms, x. 76 

Hortuarj, x. 7S— xii. 40 

Nunet' Tooms, s. 75, 76 

Fariitn oemeot walls, s. 78 

Patient MKwmmodaticin, i. 74 

Probadonary block, z. 77 

Promenade, xi. 146 

Beleiiitia piaster walla, i. 79 

Single atorj, x. 77 

Bite, X. 7d 

Sleeping acoomoKidation for Btafi^ x. 7S 

Soil, X. 7S 

Suii-room, li. 146 

Temporarr, smallpox, viii. 52 

TheiTnliydrio Btoves, iL 146 

Ventilation, x. 19, 76— xi. 146— lii. 39— 
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Ward blocki, x. 75 

sink. X. 77 

Wards, x. 75— xi. 145— lii. 38, 89- 

air apace xi. 115 

cironlar, xi. 145 

dimenaiona, xi. 145 — xii. 39 

— rounded eomere, xii. 38 
Warming, x. 77, 78— xL 146— it. 3 
WaabhouBe, xii. 39 
Water closet, x. 77 



Windows, X. 76, 78— xi. I46~iii. 39 

glaring, xi. 146— liL 39 

Bortaoe, x, 76, 78 
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Air disoonneotioD from sever, xii. 20, 29 
Ab sewer ventilalora, xii. 138 
Carlisle gullies, viii. 17 
Ciiuees of choking, i. 131 
Clark's gullii'B, viii. 17 
Commtmicating with old sewen, ix, 34 
Oonoectiocifl ill-made, iL 107— viii. 20— 

xi[. 120 
Ooet, xii. 142 
Dealings with owners, xii. 136, 137, 138, 

147 
Dirt boxes, xiL 138 
Disoonnecting from saweta, s. 235, 246, 

247— xii. 20, 29, 138 
Donhle trap Rullies, riii. 17 
EniimeUtd iron, xii. 151 
Exeoutsil bv improper persona, TJii. 19 
Extracting pipes, xii. 1:18 
Floahing obaiabers, x. 247. 250, 252, 260 
Fool ail outlet, it. 109, 1 12 



Preohairinlet.XT. 109. 112 

Galvaniged iron, viii. 43 

Dull; traps, viii. 16 

Howe's pipee, viii. 27 

Imperfect connection with sewers, iL 107 

pipea, Tiii. 20 

Imporlanoe of laying well, ii. 107 
Inspecting and testing, x. 235, 243 
Inspection book, xt. 106 
Inteifeienoe with, prohibited, x. 248 
lion veDtilating pipes choked with acale, 

XT. 115 

Joint branch drains, XT. 107 

JoLutfl, Ti. 35, 92— Tiii. 36— x. 131— xi, 18* 

Junotion blocks, Ti. 92 

Laying, viii. 36 

ill concrete, x. 250, 2.^9 

Legislation on, it. 103, ll>4 

Letting honaee with incomplete, xi. 13 

McKie's Kullies, viii. 17 

Harking junctions, xii. 130 

Material for pipes, xii. 136 

Metal pipes under booses, x. 236, 241, 249, 
246, 249, 251 

Newman's trap, x. 243, 259 

Planning on town maps, it. 106 

Pott's trap, xii. 29 

Private perauoa sliould not be allowed to 
construct, i. 93, 251, 255, 256, 257 

Public Health Act, 1875, xiL 139, 147 

Recording junotiuns irith sewer, xit. 263 

Itobbina' cup joint, si. 161 

Kiiles for, viiL 36 

Separate conueotioas, ix. 105 

Should be in bands of locftl antbority, zL 
22 

StilTs trap, viii. 37 

Stoneware pipes not impermeable, x. 246 

Stoppages due to refnse oollecting about 
imperfect JointB, tI. 92 

■• Sufficient for eSeotiial drainage," defi- 
nition of, xii. 136, 147 

Trspping, viii. 36— liii. 159 

Tiups. xii. 20. 29. 138, 139 

choking, xii. 139 



fanlty, liii. 149 

TriplK-irap gulliea, Tiii. 17 
Uaurappeii, xiii. 149 
UpHMst pipes for ventitating, ix. S7 
Ventilating, i. 18S— iv, 31,70— ix. 33, 37 

traps, xii, 138, 139 

Water test for, x. 236, 259 

traps do not stop gaa from nDventl- 

lated sewers, t. 126 
WooJbead's trap, viii. 87 
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Ashton under Lyne, it. S4 



Benwell, xi. 59 

Binglej, li. 59 

Birkai]head, iT. 84— xi. 59 

Binninghani, vi\. «1 

BlackbGm. i». 84— siL 24 

Blackpool, iL 59 

Bolton, iv. 84 

BooUe, IT. 192 

Boston, li. 59 

Bradford, W. 84— xii. 103 

BndlingtOD, xi. 59 

Baniley, XL 55, 151 

Builon on Trent xi. 59 

Bury, iT. 8i— x. 29— li. 59-iiii 249 

Buxton, xi, 59 

Catdifi; iv. 64 

Carlisle, li. 59 

Crewe, xi. 59 

Croydon, It. 84 

Derby, xi. 59 

Dudley, it, 84 

Ealing;, xiii. 232, 247, 254 

Gnole, xi. 59 

Great Grimaby, xi. 50 

Halifax, iii. 209 

Hanlej, ir. 84— zi 59 

Harwiuh, xi. 59 

HsBtingB, it, 84 

Heckmondnike, xiii. 249 

Huddvriifteld. It. 84 

Hull, xiiL 254— X*. 74 

Ipswicb, UL 113— iT. 84— xi. 59 

Kidderminster, xiii. 160 

Leamington, it. 84 

Leeds, vi. 142— xiii 241, 254 

Leioaater, iv. 84— xJ, 59— xiU. 253 

LiTerpool, xv. 192 

LnWn, iv, 84 

Maid»toDe, xiT. 119 

Manohester, ii. 21— iii. 198 

Nenoastle, liu. 237, 251 

Newton in MaokerSeld, xi. 99 

Nottingham, iii. 211— Vli. 81— x. 40 

Oldham, iv. 84— xL 59 

Oxford, iT. 84 

Flymoutb, iv. 84 

Pre««t, xi. 59 

Preston, iv. 84 

Beading, iv. 83 

Redditoh, xi. 59 

Bhyl, xi. 59 

Bochdale, iv. 84— v. 104— ix. 50— xL 5! 

Botherbam, xi. 59 

SonthaiQpton, iv. 84— xt. 35 

Soutliport, xi. 39— IT. 192 

Sootb Shields, iv. 84 

Stretford, xi. 59 

Torquay, xi. 110 



Toiteth Park. xi. 59— XT. 1U2 
Tynemouth, iv. 84 
Wallesley, it. 1U2 
Walaall, iy. 84 
Walton, XV. 192 
Warrington, v. 110 
Warwidc, xi. 59 
Waterloo, it. 192 
WHVfrtree, it. 192 
Wednosbury, xi. 50 
West Bromwich, iL 59 
Wert Derby, li. 59— it. 192 
West Hartlepool, xi. 59 
Whitehaven. li 59 
WiQdKir,i».,a4 
Witbingtou, xi. 59— XT. 192 
Worksop, iL 59 
Tork, XIV. 228 

Allowed to Monmnlate, xL 33 

As fuel for bnming sewage sludge, xiiL 22S 

A^es, saturating with sewage to form 

mannre, v. 105 
Carbonising, cost, li 56 

, rodnotion effected by, xii. 104 

Charcoal &am, ii. 32 

Cleansing palls, i. 47, 49 

Clinker as base for tar paving, liii. 249 

Colleatbfi:, iii. 198, 209, 21 1— iv. 83, f. 272 

—X. 45— iL 52, 56, 110— xiL 103— xi». 

238— IT. 192 

principles, xt. 56 

t^oflt of colleoting, ii. 24—17. 84— x. 46, 47 

— xi. 59— xui. 237, 247— xir. 238 

pails, X. 47, 50 

Deodorised by oharcoal, ii. 32 
DestructoTB, x. 202— li 55, 137, 151— iii. 

104— liii. 187 
Diunfecting p&ilt, x. 49 
DUpoaal, ii. 21— x. 44, 46— xiiL 160, 186 

—XT. 192 
Drying pails, i. 47 
Dnst-bins, oondemned, ii. IDS, 113 
Fowler's combined ashpit and w.o., vi 14 
In mining distriota, iv. 261 
Hannre Item, t. 101 
Hoi tar livm, i, 203— xii. 105— xiii. 244 
Nightly oolleotion, x. 45 
Nightsoil men, xi. 58 
Pail system, x. 45 
Fails fur infected houses, x. 49 
Polluting welLs XL 54 
Steam bom, it. 36 
Tips oondemned, xL 65— xii. 253 

184. HOVE 
Footways, xT. 190 
SeA waH, x. 143 
Street watering, xii. 245 
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Contnotiug C>r lovia work, 
Uoni»-kaep, xiii. 30^ 
HortaUtf , ii. 108 
Refuse collecting, ooet, W. 84 
Sewet ventilation, i. 55, 258 
Water rates, xi. 160 
supply, iii- f- 2H 

186. HULL 

Area, IT. 66 

DefitTuoloT, siii. 234— xv, 74 

Distnot meeting, iv. 66 

Drjpool bridge, ir. 77 

Ferr; boat dock, it. 74 

Mouse refuse, xiti. 854 — it. 74 

UorUUty, U. 108 

Huniciptl eDgineering, it. 66 

PopuIatioQ, XV. 66 

Frisouscs' cells, it. 81 

Public IsTatories, XT. 81 

Bateable Tslue, it. 66 

Road rolling, tU. f. 140 

Beaaions court, it. SI 

Bewage pumping station, xt. 75 

BewBge volume, xt. 77 

Sewerage, iv. 67 

Bituation, it. 66 

BtraetB, IV. 70 
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BubsoU. XT. 66 

Tromwajs, viii. 226 

Yiotoria pier, sv. 74 

Water rates, li. 160 

works, IT. 90 

187. HYDE 
Water supply, iiL t 214 
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Inoapooity of, i. 47 
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, Hortnlity, ii. 108 
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Refuse oolleotiDg, iii. llS—iv. S4— iL 59 
I — ^— oost, IT. 84 
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I Saaitation, suggBationa, iii. 212 
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I Street lighting, ii. 193 
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vi. 110 
Brand no ^de, vi. 112 
Cleveland iron, vi. 1 12 
Confonuit; with market aitiolea, vL 111 
Designing, vi. 110 
Notes on, tI. 109 



Pin 



i. 109 



Proof loads, vi. 113 
Punohingg, vi 112 

Rivets, vi- 109 

Samples for testing, tL 112 

BpeciSoations, vi. Ill 

SiaSordahire iron, vi. Ill 

Stisina, vi. 109 

Temperature variations, effect, vi. IIO 

Testing, vi. 112 

maohines, vi 118 

Toughness, ri. 112 
Woitshop testa, tL 112 

191. ISLINGTON 



Powers coufern^d by Public Health Aot I 

187.5, viii. 35 
Balariea offered to, i. 47 



189. IPSWICH 
Contracting for town work, iv. 86, f. 272 
Dead wells, iii. tl3 
Drainage, iiL 113 



199. KELSO 
' Sewage volume, xi. 1.58 

19a EENDAL 

I Sewage volume, vi. 155 
Water supply, vi. 155 

! 194. KESWICK 

I Water supply, iii. t. 214 
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19B. KIDDEEMINBTER 
Area, iv. 122— liii. 143 
District meeting, iv. 119— xiii 142 
Epidemio, xiii. 147 
Floodn, xiii. 156 
Hiatory, iv. 122 
Horae-heep, xiii. 302 
Honaa draina. xiii. 1S9 
Induatties. xiii. 143 
Middens, xiii. ISO 
Mortality, i?. 126— xiii. 15§ 
Populatim, jr. 122 
PumpiDK station, iv. 123 
B«fiiw dispoBttl, xiii. 160 
Boad mlliug, vii. f. 140 
Sanitary work^ iv. 122^xili. 142 
Sewage eStoent, xtii 160. 165 

feno, iv. 124— xiii. 144 

pninpa, xiiL 144 

volume, iv. 123 

8e«fe»go BYstem, iv. 122 
Sewew, xiit 143, 148. 153 

fluBbioK chambew, xiii 153 

SitiiAti<in, xiiL 142 
Water oloeets, ilii. 159 

oonnimptlon, xiii. 147, 158 

nipplj, liii. 146, 152, 157 

works, i». 125— XiiL 146, 152. 157 

Well*, xiiL 146 



186. EILUABNOCK 
Wateraupply, iii, r. 214 



197. KING'S LYNN 
Ares. xiv. 163 
Epidemiol, xiv. 171 
Iron bridge, xiv. 177 
Mortality, xiv. 171 
FopnlatioD, xir. 162 
Bainfoll, xiv. 1S3 
Sewage bjm, xv. 1S6 

volume, xiv. 163 

Sewerage, xiv. 161 
TidBB. liv. 162 

Cndergronnd water tonk^ xL 02 
Waterworks, xiv. 169 

198. KINGBTON 



1S0. KINGSTON ON 



aOO. KIBKCALDY 

Water inpply. iii !. 214 

201. KIBKHAM 

Water snpply, iii. f. 214 



302. LAMBETH 
Street watering, xiL 245 

303. LANCA8TEE 

Horse-keep, xiii. 302 
Sewage, solids io, ii 45 
Water supply, xiv, 351 

304. LBAHINOTON 
Area. xiv. 192 

Contracting For town work, iv. f. 272 
DUtrict meetings, i. 137— xiv. 192 
Eleotrio lighting, xiv. 215 
Inoreaiing water supply, xiv. 198 
Mratiility, xiv. 217 
Old water works, xiv. 193 
Population, xiv. 192 
Befuse collecting, cost. iv. 84 
Boads, maintaining, ooet, iv. 82 
Roads, materials naed, iv. 81 
Sewage, composition, iiL 110 

farm, L 142— xiv. 208— iv. 186 

■ profitable, iv. 226 

■ ■"M.L 140 



Street lighting, ii 193 

watering, xiv. 199 

Water oommmptiou, xiv. 224 



206. LEEDS 



Area. vi. 137 

Becks, improvement, vi. 13S 

Bnllding tye-lawa, vi 144 
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CoDtncI with ABC Hewage Co., iii. 96 

CuHt of cmpljing midJens, i. 197 

— — -- - raUing bhiI filtering Bewage, i. 

203 
Destmctor, ziii. 211, 2M, 257 
District mwlinit, li. 115 
Eitimated oost of sewage work, iii, 9J 
Filtetbeiig. Ti,148 



wage prooeBB, li 
uada.it. Iia 



HanEon a aawage proLiifla, i _ 

House pefuBC removal, xiii. 2+1, 254 

Irrigation area needed for, i. lOH 

Lime nrooeea for sewage, xi. 61^ 130 

Horlatitj, i. 250— U. 102, IDS— lli. 108 

Mortuary, ri. 140 

NaUve Guano Co. proceM,xl. 124, 127,130 

Natural drainage, yi. 137 

Night soil remoTHl, ti. 140 

Pavements, varioiis, coet, vu 145 

FavingB, yi. 136, 144 

Population, iii. IH— vi. 137 

runiping works, vi. 148 

Ilainlalt, iii. 94 

Uefuaa, carbon ialnf, vi, 142 

f^yer'e deetruotor, vi. 141 

Reservuirs, vi. 146 
Boadg, vii. 39 

mileage, vi. 144 

rollers, vi. 145 

— miring, vii. f. 140 
Saiiitiiry Ucpartm-nt, vi. 140 

inspection, vii. 121 

Sewage, colouring matter in, ii. 45 

composition, iii. 1 10 

outfall, iii. 05 

pumpa, iii, 97 

— r- purldculioii rxperimenta, it. 124 

> sludge, analysis, xi. ISl 

solids ID, ti. 45 

taiika, emptying, vi. 138 

temperature, ii. 45 

treatment, i. 203— vi. 139— li. 124 

with lime and irou sulphate, 

ii.46 



124 

—^ cost, xi. 132 

— - men employed, xi. 131 

rovenue aeconnt, si. 1 

Sonars ooet, vi. 138 

gradient, iii, 95 

mileage, iii. 95— vi. 138 

ventilation, i. S6, 2lja— vi, 1 

Steam tramwaya, vi. 134 
Street lighting, vi. 146 

watering, vi. 140 

Tnwii oleaDBing, vi. 140 



Tramways, vi. 131— viii. 2 

Trougli closets. vL 140 
Water charge fur oloeeta, v 



supply, iii. 94— ri. 166 

— for trade purposes, vi. 137 

works, vi. 146 

SOe. LEEK 
Sewage volume, xi. 158 

207. LEICESTER 
ArtiGcial asphalt, x. 154 
Building regulHtions, iii. 188 
trade, i. 155 

Capai'itf of original sewers, z, ItiO 

Contracting for town work, iv. 86, f, 272 

Cost of pevemnnts, x. GS 

Destructor, xiii, 253 

District meeting, i. 205— i, 152 

Duplicate sewers, x. Itil 

Floods, xiii, 188 

prevention works, x. 162 

Footways, i. 153— liv. 243— iv. 190 

UigliwBv depaitmcnt expendituro, I, IS.*! 

Horse-keep, lilt. S02 

Kerbing, 1. 154 

Mortality, ii. 108— x. 159 

Nightsoil department, x, l!>5 

Pail nystem, x. 50 

PopuLition, I, 152 

Pnidic worliB, X. 152 

Refuse collvcting, cost, iv. 84 

— dispflal, xiii, 2:.3 

Bemoving house refuse, iv. 84— xi. 30 — 

xiii. 253 
Roada, K, 133 

E^nilary Committee expenditure, x. 155 
Sewage irrijntioii, xiiL 189 

volume, xi, 158 

works, i, 207, 208 

• Wiokstead'B. i. 89 

Sewerage cysu™, i. 208— ix. 119— x, 156 
Sewer ventilation, i, 56, 208, 260— x.157 
Streets, i. 153 

paling, X, 53, 154- liv. 243 

Tar macadam, x, 134 

— — pHveiiients, I. 53, 1S4 

Tramways, viii, 226 

Water consumption, xiv. 220 






208. LEYTON 



Dlackosh waste prnorsi 
L'ost iif sewage B'Eirks, : 
District ineeliui.'. xi. 6C 
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Dminage, li. 60 
Haiienn piooebB, li. 63 
History of aenoge ti entment, z 
Lime and aJuminu proceaa, xi. 
Population, xi. 60 
Presaed atuilgt, xi, 63 
Kateable value, xi. (iO 
Rates, xi. 72 
tiewuge effluent, anaWBiB, xi. 7 

troBtment, liv. t. 160 

volume, xi 



Strain iug at 



orks, xi. 60 



xi. 64 



809. LIGHTING, AKTIKICIAL 
Heat rays riii. 153 
Heatiug components, Ti. 22 

Butfaoe, vi. 23 

liiamiciftlicig oomponents, vj. 22 
Li;:ht raya, vlii. 154 
Qualities or liKht, viii. 168 
Quality to be nimed at, viii. 155 
Solotiigbt, Tiii. 153 
chungea in, viii. 155 



SIO. LINCOLN 
Area, xiv. 154 

CoDtracring for loirn work, iv. i 
DiDtrict mauling, xiv. 150 
Footways, xv. I'M 
Horae-ke»p, xiii. 302 
Hoases, xiv. 154 
Mortality, xiv. 154 
Population, xiv. 154 
Ratiable value, xiv. 154 
Sewerage forka, xiv. 151 
Sewer veutiktlon, x. 174, 182, 1: 



ail. LIVERPOOL 

Air Bpaoe for dwellinp, x. 96, 101 

Ares, V. 17 

Boulder clay, T. 93 

BuUiling Btonefl, t. 97 

CarrbigBway fouBclatiouH, y, 22, 23, 25 



Cost of pavenients, 



. 65 



ir sitving, i. 159 
Court and cellar dwellings, v. 73 
Defectivo Bewere, ii. 105 
District meeting, i. 153 
DuDieatio water couBumption, iii. 51, 52 
Drift Banil, v. I>3 
Electric lighting, vi. 28 
Heology, v. 16 

. in relation to engineering work, ?. S 

Horae-keep, xiii. 302 
Huuae-refuse, xv. 192 
IiileruBt on Arliean Dwolling Fund, ii. 1 1 



i Lime Street Btatton roof, v. 46 
Mersey docks, v. 45 
Mortslity, i. 250— ii. 102, 108— t. 16— xii. 

108 
Moniuipal works, v. 22 
Pavemoiits, v. '24, 25 
Population, T. 17 

P'irtlaiid cement speciHcation, v. 37 
Post-glBcinl beds, t. 91 
Banelagli Street railway station, i. 156 
Roads, vii. 39 

, rolling, Tii. f. 140 

Sand pot bolea, v. 9.5 

Saving effecled by water meters, i. 165 

Sewage dispoeitl, vi. 114 

V"iume, xi. 158 

Sewer goB heated by hot-water discharge, 

i. 52 
Sewers, ii. 205— v. 27, 28 

, ventilating oowIb, i. 179 

, TentilatiOD, v. 29 

Strata, V. 90 
Streets, width, z. 104 
Tar macadam, i. 59 
Tramways, *. 25— x, 73 
Triasaic rocks, v. 97 

surface, v. 98 

Vymwy artificial lake, ix. 18 

Water consumption, iii. 51, 52— iv. 133— 

vi. 157 

fittings, testing, ». 39 

metoni. v. 41 

rates, xi. 162 

~ supply, iii. f. 214— xiv. 351 
waste prevention, L 159 

Wood paviug, cost, vL 52 

212. LLANDUDNO 

Sewerage, v. 172 

213. LOCAL GOVERNMENT 
Borrowing over long periods, x. 304 
ComplicationE of rating, x. 307 
Cost, X.303 

Distribution of funds, x. 303 
Heroic sohemea, x. 307 
Iodebtedne«s of local anthorltiea, i. 303 
Bates hi England and Wales, x. 904 
Reckless expenditure, x. 304 



314. LOCAL GOVERNMENT 



Appeals to, xiii. 17 
Auditors appointed by, viii. 212, 216 
i Bye-laws, viii. 208 
Control over borrowing powers of corpora- 
lions, xi. 21 
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Hetnorial to, i. 1 

Model bTe-laws, tU. IOS 

Od c«rljfli;&t«a, xt. 115 

SanctioQ to street improTenieats, li 

80 
Snrreynr'B eitra pay, xii. H2, 147, 1 
Snrreyars, statue of, ix. 69 

i915. LONDON 

Air apaoe for dwelliuga, x. 96, 104 
Asphalt paving, vi. 43, 45, 46, 51, & 

54,56 
District meettng, li, 7 
House draiDS, ii. 107 
Mortality. L 250— ii. 102— lU. 108 
Boads, Tii. 35, 39 
Bewsge, composition, iiL 110 

, aolids in. ii. 45 

Tolnme, xi. 158 

8ew«r gas, i. 50 

Temperatnie of severs, i. 52, 173 
Water supply, xiv. S51 
Widtbofetreeta. X. 104 
Wood paving, tI. 52 

816. L0N6T0N 



817. LOUGHBOBOUGH 



318. LOWESTOFT 

Sewer Tentilation, i. 56, 260 
Street lighting, ii. 193 
Water rates, xi. 162 

819. LUTON 

Area. iIt. 82 

OontraoBng for town work, W. f. 272 

Diatriet meeting, xiv. 82 

Dye waters in sewage, xiv. 85, 93 

iDdostries, xiv. 82, 83 

Fopolation, xiv. 82 

Batoable yalne, xiv. 82 

Befuse oollecting, coet, iv. S4 

Botids, msmtBiiiiiiig, cost, it. 62 

— — , materials used, iv. 81 

Sewage irrigation, xir, 86, 87 

volume, vi. 155— iL 158— xiv. i 

works, xiv. 82 

SitnatioD, xiv. 82 
Water snpply, vi. 165 



Sao. LYMINGTON 

Street lighting, ii. 193 



881. MACCLESFIELD 

Footways, it. 190 



823. UAIDSTONE 
Area, xiv. 123 
BrLiges, xiT. 104, 107, 108 
bye laws, xiv. 104 
Cattle market xiT. 122 
Cemetery, xiT. 107 
ChartetB, xLv. 104 
Cliarlee museum, xiv. 107 
Contracting for town work, iv. 86, f. 272 
Courts and alleys, xiv. 121 
District meeting, xiv. 103 
Epidemics, xiv. 105 
Footways, xiv. 120 
Oae, xiv. 106, 123 
High level bridge, xiv. t08 
Horse-keep, liii. 303— xiv. 124 
Hospital, xiv. 121, 142 
House reFHise, xiv. 119 
Lighting, xiv. 123 
Lunatic asylum, xiv. 106 
Medway, xiv. 105 
Mortality, xiv. 123 
New bridge, xiv. 108 
Population, xiv. 123 
Puhlie baths, xiv. 106 

gardens, xir. 122 

Rateable value, xiv. 123 
Boad repairs, xiv. 1 19 
Sanitary condition 1572 to 1770, xiv. 104 
i^rovementa, xiv. 103 



'. 122 

Street lighting, ii. 193 

paving, xiv. 105, 123, 124 

watering, xiv. 119 

Tovil bridge, xiv. 107 

Town hall, xiv. 106 

Water supply, xiv. 106, 107, 122 

293. MALVEBN 
Wotoi SDpply, iii. f. 211 
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224. HANCHESTEB 
Air space foi direlluga, x. IM 
Cenpoole in, il. 20 
Cinder nfliiig, ii. 21 
GloBets, iii. 117 
Disinfection, ii. 23 
DiBpcwal of eioreta, ii. 20 
DiatTiot meetlDgB, i. 135 
Eikrtli cloBsU, il, 21 
Horae-keep, liii. SOS 
Hooae refuse diipoflkl, iL 21 — iii. 198 
Irrigation otm needed for, i. 199 
Mort«][ty. i 250— ii. 20, 22, 33, 108-iii. 

201— Iii. 108 
Boads, vii. 39, 42 

Ssnitaiy aiTuigementB, report, iii. 195 
Sevnge gjBtem, ii. 35 
Ship oanal nroiks, iv. 56 
Street pBTements, iii. 51 
Town refuse manure, iL 22 
Tnunways, viiL 226— ii. 23 
Water rate«, li. 162 

Bopply, X- 71 

Width of stieetB, x. 101 



2S6. MANURES 
AlnmlDEt nilpliste Mw^e, L 101— IL 159 
Anderson's sewage, i. 101 — ii. 159 
Artifluiol manures compete with semige, L 



Blackash sewage sladge aa, xl. 63, TO, 73, 

74 
Glasa most aeoeptabla to Gumers, ii, 87 

Definition of, i. 71 

Drying, ii. 47 

Eioreta, selling prioe, il 189 

Firman's drying maobinea, t. 107 

Food of plants, i. 70 

From A.B.a sewage, iiL 102 

exoreta, saleable value, x. 49 

town refuse, ii. 22 

Qoodall's proress, Tslue, ii. 47 
Irrigation, L 74 
Lime mannres, i. 74 
Limed sewage, i. 89, 117 
Manchester diy closet, iiL 197 

aewsge, tI. 23 

Uanunal value of nw sewage, i. 151 
Nitrogenous manures, L 72 
Objects ot L "■ 



Fail contents, evaporating, v 
PIiOBpbale prooesB, ii. 39 
Phoephatic nuDiues, L 72 
Potash manures, i, '^ 
Pondrette, analysis, ii. 61 
Rochdale, analjeia, v. 109 

commercial TOlne, v. I( 

earth closet, iiL 206 

procMS, T. 104 



106 



Boohdale selling price, v, 109 
Sludge, ooat, i. 117 

solid mannre from, L 8B, 117 

Tftlue, i. 117 

Town manure, price of^ i. 71 

— — refuse, from, v. 104 

United Cbarooal and Sewage Co.'b, L 106 

Urine, evaporating, v. 106 

226. HABKET HABBOBOUQH 
Area, xtL 126 

Drinking water f^om wells, xL 88 
Booses, xiL 126 

drainage, ziL 135 

Mortality, ul 140 
Population, xii. 126 
Bateable ndne, xiL 126 
Boads.xii. 126 
Sewerage, xiL 126 
Sewers, xii. 127 
Surface drainage, xiL 131 

227. HABKE'TS 
Wabnisley, A. T., paper on, liv. 218 

Blaokbnm, xii. 22 
Bradford, xii. 97 
Burnley, xi 141 
Bury, I. U 
Carlisle, xiv. 243 
Haoley, liL 160 
York, xiv. 282 

Boofs, xiv. 24S 

SS8. HABYLEBONE 
Boad rolling, vii. f. 110 

228. HEMOIBB OF DECEASKD 



Alty, H., riiL 228 
Boys, W. J., ii. 205 
Clays, A. D., xiv. 899 
Cole, 6., viiL 227 
Coulthnrst, T., xiv. 399 
Craggs, J., viL 147 
Cruse, T., xv. 205 
GaUwortby, J., vii. 117 
Hall, James, liL 201 
Hall, J. A., X. 810 
Hall, J. a, xiiL 317 
Lynde, J. G., Ix. 206 
Morant, A. W., vii. 145 
Bowley, 8. F., xiv. 400 
Bmilli, C, H. G., xi. 259 
Bteplieus, E. L., viL 147 
WhitUngton, W.. xiiL 316 
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830. MEBTHYR-TTDPIL 
Concrete dwelliogd, iL 1 17 
Mortality, iL 116 
Noa8hpildin,ii. 116 
Road rolling, vii. f. 1*0 
Senage irrigiLtioii, il. 161 

treatment, ii. 56 

Tolnmo, vi. 155 — li. 158 

Water supply, Ti 155 

331. MEBTON 
Diitriot meeting, ri. 82 

232. MIDDENS 
BinoinghBin, viL SI 
Bradford, xii. 102 
Bur;, X. 29 

Dewabury, vi. 124, 132 
KidclvrmicBter, liii. 150 

Area omered by, li. 54 
Coatofemptying, X. 29 
FdwIbi'b combined ashpit and w.c, vi 

—I. 32, 34, 35 
Improved, I. 32 
Objection B, I. 34 
Still permitted, li. 53 

233. inDDLGSBOBOUGH 
District meeting, ii. 65 
Horsekeep, xiii. 303 
Mortality, ij. 108 
Paving, vi, 136 
Bead rolling, vii. f. 140 

334. MOBTALITY 
ElUce-Clatfc, E. B., paper, ii. 102 

Alnwick, Tiii. 32 v 

Bariialey, viL 75 

Batb, ii. lOB 

Birbtnliead, ii. 108 

Binninghatn. i. 250— ii. 102, 108— vii. 

10»-xii. 108 
BloRkburn, ii. 108 -xii. 9 
Bolton, il. 108 
Boumemontb, xii. 45 
Bradford, xii. 106 
Briglitoo, ii. 108 
Bristol, i. 250— ii. 102, 108— iv. 24- 

108 
Burnley, ii. 108 
Bury, ii. 108 

CarliBle, viii. 32-xiv. 308, 310 
Cboltenl.am, ii. 103— iii. Ill 
Croydon, ii. 108 



Dembury, vi. 125 

Dudley, ii. 108 

Ealing, x. 198 

Englaod and Wales, L 250 

Gateebfad, ii. 108 

Great Yarmouth, iL lOg 

Halifax, il. 108 

Uaddersfield, ii. 108 

Hall, ii. 108 

Ipswich, ii. 108 

Kidderminster, iv. 126— xiiL 158 

King's Lynu, xiv. 171 

Leamington, xiv, 217 

Leeda, i. 250— ii. 102, 108— xiL 108 

Leicester, ii. 106— x. 139 

Liuoola, xiv. 154 

Liverpool, i. 250— iL 102, 108— y. 16— xiL 

108 
London, I 250— ii. 108-xiL 108 
Maidstone, xiv. 123 
MauohsBter, i. 250—1!. 20, 22, 33, 108— 

iiL 201— Iii. 108 
Markat Harborough, xU. 140 
MeHhyi Tydfil, ii, 117 
Middlesborougb, ii. 108 
NewoasUe, ii. 108 
Northampton, ii. 108, 170, 171 
Norwich, ii. 108 
Nottingham, ii. 108 
Oldbam, ii. 108 
Oxford, ii. 108 
Plymouth, ii. 108 

Portsmouth, ii. 50, 54, 108— iv. 144 
Prestoo, iL 108 
Beailing, ix. 106 
Bochdale, ii 32 
St Helens, ii. 108 
Sftlford, i. 106-ii. 108 
SheSleld, i. 250— iL 108— xii. lOS 
BoutbamploD, ii. lOS 
South Bhlelds, ii. 108 
Stoke, ii. 108 
Torquay, xi. 112 
Tynamouth, ii. 108 
WalBall, ii. 108 
Warrington, ii 33 
West Ham, ii. 108 
Wieian, ii. 108 
Wolverhampton, iL 108 
York, Tiii. 52— xiv. 246 

Caused by overcrowdiog, L 4S 
Children, xii. 283 

Comparative of large towns, i. 250 

Due to ignoraooe, iv. 68 

Gentry, xii. 283 

High rates preventible, ii. 33 
I Leasened b; earth closets, ii. 32 

' wateiHiloset syatflm, ii. 50 

' Misleading statistios, iv. 65 
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Not oa index of health, y. 117, 130 
( )f towDS, Bome of its caaaes, ii. 102 
Preventible, it 33— xi. 19, 28 



330. HOBTAR 
Smith, O., papei, vi. 20a 

C»st in nteitloti to Bped&cation of cement, 

IT. 130 
Damp, effects of, \L 223 
Experimenia on, vi. 207 
From town refuse, ii. 22— iU. 198— vi. 28— 

s.21-Hi. 105— liU. 244 
Plaster of Pari* in, vi. 206 
mortar cheaper than 

cement mortar, vi. 212 
• not good for hydmulic, vi. 

209 
Quick-aetting, vi. 206 
Scott's eolphated, \i. 2U5 
Sea water in, vi. 216, 217, 223 
Selenitic, vi. 206 
Setting inflnenced b; aulphuroua acid, vi. 

205 
Strength increased b; Floater of Paria, vi. 



236. MOTIVB P0WEB8 



Hydraulic, v. 155 

Otto gas eaginee, xii. 60 

Pncnmatio, v. 155,162, 164, 165, 167, 168, 



337. MUNICH 
Sewage ayatem, iz, 114 



S3B. NELSON IN MAKSDBN 



Destructor, lii. 252— 
Industries, xii. 252 
Population, lii. 252 
Rateable value, liL 21 



888. NEWCASTLE 



237 



District meeting. lir. 7 

Floating hospital, liT. 7 

Ilone-keep. liii. 303 

House refuse removal, ziit. 2S7, 254 

Mortality, ii. 108 

Roads, Til. 43 

StreetB, watwing, lii. 245 

widtli, X. 104 

TromwayB, viii. 226 

' Water conaumption, Ti. 157 

Bupply for trade purposes, vi. 157 

240. NEWTON IN MACKEKFIBLD 
Removing house refuse, xi. 59 

341. NIGHT WORK 

Illuminanta. xt. GO 
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maoufacturers' refuse, vi. 156, 

166. 174. 179, leO, 191 

raintall, iL 131-i7. 123— vL 

158, 166. 167, 172, 177, 179— ii. 120— 
zii. 59, 169. 180, 189, 190, 191, 192, 194 

Be^iae ttdtnitted by manholes and venti- 
lators, vL 92 

Bight lines, iv. 206 

Beawaler for flashing, lii. 122 

SelF-oleansing velocity, xv. 88 

Bhone'i system, vi. 165, 176, 161, 185, 187 

8ilioated stone, vL 66 

SUting np. iL 104, 115— v. 28 

oaosed by lack of water, ziii 

149 

Bluice valves, vi. 131, 133 



Subsoil drains below sewers, vi. 106, 107 

water, L 199— iii, 151— vi. 154, 165, 

182, 187— ii. 79, 98— xii 63 
Temperature of, i. 173 
Tide looked, v. 52— xiv. 818— XT. 93 
Tree roots in, ziii. 154 
Trenching for, iv. 208 



Tunneling for, ii. 131 
Urine sbonld be excluded from, ii. 36 
Velocity of air in, x. 145— iv. 10 
Wetertightness. importaace of, vL 97 
What might be embraced in a genual Act 
of Pariiament, z. 88 

811. SHAFTEBBUBT 
Sewer ventilation, ii. 153 



8U3. SHEEBNESS 
Sewage volome, xi. 158 

818. SHEFFIELD 
Air space for dwellings, 1. 104 
Cost of pavements, i. 65 
Horse-keep, xiii. 303 
Mortality, i. 250-ii. 108- xiL 10 
Sewer ventilation, i. 56. 264 
Streets, width, x. 104 
Tar macadam, x. 62 
Tramways, vili. 226 
Water rates, xL 162 



314. 8HILD0N 

Main drain, vi. 8 
Sewage disposal, vi. 8 
Subsiding tanks, vi. 8 
Surface prepatation, vi. 9 
UndK diaioage, tL 9 

81D. SHBEWSBUBY 
Contracting for town work, iv. f. 272 
Horse kee^ xiii. 303 



Construotion, xi. 1S3 
Cost, xi. 133 
Dimensions, xi. 133 

317. SINKS 
DisconneotiDg, xiL 82 — xiii 159 
Houusey's pipe proteolor, xii 83 
Pipes, bent, oondemned, zii. 82 

oleaning, zii. 83 

defects and their result^ xii. 

injured, zii 82 

outleto hidden, xii 83 

proteolDT, xii 83 
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318. BITTINQBOnBNE 
Wfttw snpply, iii t 21* 

SIB. BKIPTON 
Bevage Tolnme, iL 158 

890. BLmCES 
einith, H. O., paper, vi. 5 
Beddington sewage ontMl, vL 5 

Dooi9,t1. 5 

fttfteniagB, vi. 6 

Iron frmuefl, tL 6 

Latham's vooden, vi. 5 

Iiobley's plan, n. 7 
WoodeD, Ti. 5 

331. SOIL FIPEB 

As sewer ventilators, ix. 43 
CommaoicatioD with drain, i. 189 
Dimensicnu, tuL 13 
Oalvaniaed iron, vili 43 
Inspecting, i. 238 
Joints, Ti, 9, 10, 35— x. 131 

Stanfotd'e, iii. 150 

Lead. deFectiTe, viii. 21 

Pressure borne by. t. 98, 99, 100, 101 

Boles ibr, viiL 3Q 

TantUatiog, s. 238 

833. SOUTHAMPTON 
CoQCieta paving, XT. 81 

OontracHog for town work, iv. 88, f. 272 

Deatmctor, xiv. 68— it. 34 

Diitrict meeting, it. 34 

Eleotrio lighting, ly, 34 

Hortslity, u. 108 

Befiue, oollecting, oost, iv. 84 

utilising, it. 34 

Boads, maintaining, cost, iv. 82 

materials used. It, 81 

Sewage dispcoal, sv. 34 

Tolnme, xi 158 

Sewei deposit prOTented, ii. 115 

ventilation, i. 177 

Water consniaption, xr. 52 

sapply, xiT. 851 

worM, XT. 1& 



333. HOUTHPORT 
Distriot meeting, it. 239 
Horse-keep, liii. 803 
Honsee, iT. 240 
Maia outfall sewer, iv. 240 
PopolatioD, It. 240 

BeUDOTiDc: house refnse, xL S9 — XT. 192 
Banitary history, iv. 240 ' 
Sewage Tolome, iL 158 
Sewerage system, iv. 243—*. 172 
Sewen, coat, iv. 247 

ventilation, L 36, 264 

Btreet watering, xii 21S 
'Water rates, £ 162 



824. BOUTH SHIELDS 

Oontracting for town work, iv. 68, f. I 

District meeting, x. 74 

HoTse-keep, xlii. 304 

Uortaljty, IL 108 

BeAue oolleoting, ooet, iv. 84 

Boad rollicg, vii. 144 

Btreet imfiroTemeDts, x. 80 



82S. SOWEBBY BBIDGB 
Bridge building, iT. 167 

836. BTAEFOBD 
Hone-keep, xiii. 804 

327. BTAMFOBD 

Water supply, liv. 351 

328. STmLINQ 



329. STOCEKiBT 

Sewer TentUation, i. 67, 2G4 



330. 8TOCKT0N-0N-TEB8 



Distriot moetiog, viii. 9— xi. 77 
HoTse-keep, xiii. 304 
Lustrum Beok drainai^ viii 
Boada, vii. 31, 34— viiL 87 
Sewage disposal, viii. 10, 88 
Sewer ventilation, L 56, 261 
Steam tramways, x. 2B1 
Tees improTemeuts, xi. 78 
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332. STONE, ABTIPIOIAL 
Oemeat for, liii. 202 
C(Mt,im. 205 
DrTing slabH, siii. 203 
Femunile, illi. 203, 209 
Flint concrete, ziii 201 
Gmnile oonciete, liii. 201 

UMliing, liii. 201 

Immersing Blaba in Hilica bath, xiil. 203 

Imperial, liii. 201, 209 

KentlBh rag oonorcte, xiii. 201 

Hiiiue ingredienU, xiii. 202 

MouldW, liiL 202 

Bilicatea stone sawer tabes, t1. 66 

cement tor, tL 70 

chemiotl oompOBitioQ, 

■ri.69 

ermoking test, vi. 69 

orushinf test, vi. 68 

indurfttioQ, vi. 68 

mateiiala, cruBhiDg, 



mixing, yi. 66 

washing, vi, 66 

- mixing maotiinek n. 



Hiuiliine ctrndemaed, xIL 203 

coat, u. 79 

— — ■ of repaiiB, ii. 82 

onuhea Btune too muoh, IL 87 

cubing jaw, ii. 81 

delay of bre^cagee, ii. 82 

economical, iv. 96 

coonomj TBiies nith kind of atone, 

ii.»7 

EUUoo's, ii, 82 

feeding, ii. 78 

horse-power for, ii. 77 

losa h; smalls, iL 87 

product good for light traCBo, ii. 38 

not cubical, ii. 81 

__ uniform, ii. 87— TiL 80 

- pyramidal form of prodilot, siL 208 

- quality of jaws, ii. 82 

- Bcreon accommodation, iL 80 

d for limeBtone, ii. 37 

- wear and tear, IL 61 

- vorking aipenses, ii. 79 
oenji. ii. 80 

Shape of product, Ii. 81~iT. 90—™. 30 



monldiog, v 



Ti. 70 



' etreogthened by 



Slabs for paving, v.. . _ 
Soluble silica for, xiii. 202 
Btoart's granolithic xiv. 120, 124 
Teuaile strain, xiii. 201, £03 
Tictcria stone, xiii. 208, 208, 209 

383. STONE BBBASING 
Jacob, A., paper, ii. 76 
Burnley, xi. 1S7 



-vii.30 



■ superior product, xii. 

Hachiue, acoideuta with, ii. 87, i 

Archer's, ii. 82 

Blake's, ii. 77, 79 

capacity , ii, 79 

cause of breakages, ii. 82 



334. STONE DBE8SING 
Hand labour, cost, ii, 86 
Uachinery, ii. 84 

action of, ii. 84 

combined with Blake'a stoDe-bre»ker, 

IL85 

compared with manual labour, iL 86 

cost, ii. 85 

facing flags and kerbs, ii. 85 

largest stone worked, ii. 84 

power reqnired, ii. 85 

tools, ii, 84 

variety of work, iL 85 

walking capacity, ii. 85 

expense, iL 85 



83S. STOlfEWABE 
Doolton, H., paper, vi. 76 

Architectural, vi. SO 
Bristol ware, v, 78 
Deflnition, vL 76 
Devon clays, vi. 76 
Dorset clays, vi. 76 
Doulton impaste ware, vi. 80 

ware, vi. 77, 79 

Drain pipes, vi. 78 
Enamelled, vi. 78 
Firing, vi. 77 

For sanitary purposes, vL 78 
l>Lmbetb faieuce, vi. 80 
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Lambeth ware, vi. 76 
Honlding, vi. 79 
Pipee, jointing, i. 132 

not impermeable, i. 246 

Bait glaaed pottery, vi. 77 

glazing prooesa, vi. 77 

Sewer pipea, xii. 127 

StaSbidshira aalt-gloEed aloneware, t1. 77 

Tbrowing, tL 79 

TnnuQg, tL 79 

838. 8T0BM WATEBS 

Acoommodating, i. 103, 119, 1*9, 208— ii. 

181— Ti. 82, 158, 166— xi. lOi— ili. 10, 

56, 59, 6S. 169, 180, 189, 190, 191, 192, 

19*— liT, 16* 

Beet kept oat of lewera, vi. SS 

OttDM floodiDgs of baBeoaenta, vL 33— xL 

Onlvertg, li. 181— xii, 186 

DiTarting, iL 120 

For ftuahing Bewara, vl. M 

Lffflping weire, vii. 59— xi. 120, 183 

Old aewets for, x, 1S7— xi, 82— xiL 127, 

131— xiiL 166 
PollatioD by, immaterial, vi 3* 
PmupMlU.!** 

837. 8TEATF0RD ON AVON 

Area, xii. *7 

District meeting, xii. 47 

"Etalj sanitation, xii. 55 

Filter beda, lii. 32 

Floahing aeven, xii 58 

Population, xiL 47 

Bainfall, lii. 66 

Rateable iraloe, xii. 47 

Batiitarj improvements, i. 144 

SewB^ diapoaal, xii. 69 

irrigation, xii. 69 

pumping, liL 60 

Tolnme, liL 59 

work, cost, xii. 62 

Sewerage, xii 5B 

Sewer ventilation, xii, 68, 72, 73 

Water, xii, 49 

conduit, brink, xii 50 

consumption, xii. 49 

distribution, xii. 53 

reeervoirs, xii 51 

sonroea, xii 48 

enpply, xii 47 

works, coat, lii, 58 

Wella, xii. 47 

338. STRBATHAM 



339. STBBETB, CLEANINQ 

Cost, iii. 76 

FBirbttim's road Bweeper, iii 76 
Galiies, preveutine freenng, si v. 262 
Hand aweeping, iii. 76 
Horee brnahee, iii, 76 
ecrapen, iii. 76 



Uof, I 



,192 



340. STBEET^ IMPEOVma 



Corners, viii. 71. 72, 73, 78— ii. 66, 67, 68 
Cost of collecting »t^ viii 76— xii. 29 
to owners, Blaokbnm, xii 19, 20, 27, 

28,29 
Conrta, liv, 301 
Demand on owners for payment, viii 75— 

-■i 27, 2" "" 



Eating, vUi,: . 

Streets to be distinguiahed, viii. 75 

841. steeeJts, lighting 

Crimp, W. S., paper on, xi. 205 
Ellioe^llark, B, B., paper, ii 183 
Lava, W. G., paper, viii. 62 
Skelton, T. A., paper, L 122— ii 122 

Aoton, ii. 192 
Aahton-under-Lyne, ii 192 
Bouniemonth, xii 41 
Btomley, ii 192 
Chatham, ii. 192 
Cbelmsford, ii. 192 
Chioheater, ii 192 
Colcheeter, ii. 192 



lOftl 



Ealii„ 
Rastboume, ii 
Falmouth, ii, itu 
Folkestone, ii 193 
Gravesend, ii. 192 
Iiwnioh, ii. 193 
Kingaton-on-Tbames, ii, 193 
Leamington, ii. 193 
Loiresloll, ii. 193 
LymingtoD, ii 193 
Maidstone, ii 193— xlv. 123 
Portsmonth, iii 195 
Eoehdale, xii 2*S 
Wimbledon, xi 205 
Average meter ayatem, ii. 18* 

of bilnre, 



315,848 
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AversKO meter, ejatem irorking, liv. SS 
Borraaiiili''B gas goTeman, li. Ill 
Bny'a gut latiipa, viii. 67, <>8 
Catoptno lefleators, i. 122— iL 125 
Cost, xiL 42— xiv. 123 
Electric Tiii- 65— li. 205, 220, 227 

ooet, viii. 65, 67 

Oaa, Till. 161— xL 208 

BcljuBtiDg preeaure, ii. 123 

and eleclndt; compared, viii. 65, 66, 

67,68.69 

baroers ehotdd be niitable to quality 

ofgas. ii. 123 

steatite, ii. 123 

oatoptrio reflector, ii. 124 

txtoipanieB, oontract vitti, ii. 189 

oonaumplioD, i. 122— iL 122, 189 

avetnge, li, 209 

booking, ii. 188 

cost, ii. 183, 192- IL 146— viii. 65, 67 

compaieil with oil, li. 208, 216, 

217, 218, 221, 226, 227 

— of catuptrifl reflectors, ii. 128 

ofooala, ii. 183. 192 

diversioD of ravs, ii, 126 

eoonomy of refleotora, iL 127 

plobra, ii. 12* 

ftiiwraora, ii. 184 

Wreaacd efflcienay with oatoptrio 

refleotot, ii. 128 

lamp ^veinor Tinreliable, ii. 1 22 

laDtcms, ii. 123 

liglit wasted by radiation, ii. 124 

lighliog, esseatlal conditiooa of suc- 
cess, ii. 121 

meters, ii. 122, 184— iL 214, 217, 218, 

219, 220. 221 

number to lampa, ii. 187 

protecting from frost, ii. 187 

readings, iL 188 

mules of payment for, li, 208, 209, 

215,216,218.221 

reflectors, ii. 12* 

reguLitots, ii. 184 

iSTing by catoptric reflectors, it. 126 

the best illuminniit, ii. 122 

waste of light, i. 122 

Lamps, maximum distance, vi. 25 

Oil, Ii. 183— xi. 207 

and compreaaed air, XT. 39 

bfaods, xi. 208 

bamara, li 207, 226 

chimneys, il 207 

cost, xi. 207, 208 

objections, ii. 184 

quality of light, xi. 207, 215, 227 

wicks, xi. 207 

Begulator bnraetB, ooDsomption with, 



T. 341 



r. 337 



343. STREETS, NEW 



** Abutting on to a sttoel," xiii. IS 
AcqairinK land, xii. 89 
Alteii]>e main pipes, xiii. 23 
Aaomalona laws in Birmingham, x. 89 
Apiieal to Looal GoTtrament Bmrd, xiii. 
17, 28, 78 

— Qnailer SftsionB, xiii. IS, 28, 

78 
Apportioning coat, L 40— Tiii. 71. 135, 137, 
138, 141— ix. 66, 67, 68— x. 27— xiii. 12, 
16, 24. 27. 28. 29,37. 40,43, 47, 113, 115, 
116. 119. 120 
Approximate apportioomcnt of each ownet'a 

coat, in eatimate, xiii. 20 
Arbitnition, xiii. 17, 75 
.Asphalt. T. 23,49 
AasesBora to adriae magiotratei, x&i. 28, 

12 
Aasnoiatlon of Municipal Corporntioui Bill, 

xiii. 45 
Back yards, xiii. 44, 112 
Bononed money, xiii. 16, 116 
Bounduiet. xiii. 19 
Bridges paying on frontage, xiii. 35 
Callus paying on frontage, lui. 21, 115, 



101 

Classirying streeta, xiii. 19. 42, 118, 123 
Concrete foandfttions, t, 22, 23, 47, 48 

prelects gas snd water mains, Y. 49 

Consequential l^eneflta, xiii. 21, 124 
Gonatruclion nf buildinira. i. 40 
Contract wurk, xiii. 24, 117, 119 
Dealing with owners, xi. 195 — xilL 9. 14, 

24, 2fi, 28, 29, 30, 31, 32, 35, 36, S7, 38, 

89, 44, 64 
Dedication, xilL 11, 19, 47, 51, SO 
DeSnition oF, x, 220, 222— xiii 11, 19, 47, 

51.80 
Deposit of pluu. xiii. 14, 63 
Direction.!. 94,117 
Diepu ting apportionment, xiii. 16. 78 
Enfon-ing payment, xiii. 16, 25, 28, 29, 30, 

81,32 
Estimates, xiii 20, 63 
Forming, x. 27 
Gradienta, x. 94 
Height of bnildiDga, i. 40 
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InsklmeDU. lUL IS, 113, 117 

InteiBPctiong oF ciobs aLrceta, liii. 21, 27, 

29, 32, 40, 44 
ICTela, liii. H, 23, 26, 30, 63, 122 
Levjiug T&te on the propeiij, zui. 16, 68, 

Making up, zv. 73 

UtutchMlor Improvement and Street Aota, 

ziiL 114, 123 
Hateriala, oUsb of, xiii. 19 
Hetropolis Management Act, xiii. 86 
Mode of ptooediue, xilL », 24, 25, 28. 29 
Notice to owiiere, xiii. 12, 19, 28, ^9, 46, 

67,77,116,117 
Old limes, building; on, x. 222, 223 

Partial works, liii! 13, 2S, 62, 112, 118, 119 

Tatioigea, xiiL 44 

Paving. I. 27 

Plana for, z. 92 

FlGaanre gardens, siif. 36 

"PremiBea," liiL 12, 59, 68, 77, 112 

Private, x. 27 

Streeta and the Pnblio Eealtb Aot, 

1875, viii. 123— ziv. 244 
pCFBOne should not be allowed la 

construct, x. 93, 251, 255, 256— xa 44, 

46, 115, 118 
Procedure oo detaalt of owners, xiii. 14, 64 
Pubho Health Act, 1875, the 150th aectloti, 

xiii. 8— ziv, 244 
■, Digeeta of Coaes heard 

nuder, xiii 49, 51 
, ahortoominga and proposed 

remadiea, ziiL 18 
Quality of work, xiii. 19 
Bailnajs pajing oa &ontage, xilL 21, 35, 

46, 113, 115, 119 
Becovering expenaea, xiii. 15, 16, 24, 83, 

35, 36, 65, 68, 72, 122, 124 
" Bepairable by the itihabitaats at large," 

xiiL 12, 56, 80, 125 
Bsplacing old sewera, xiii. 22 
Koad " made ap," defined, xiiL 26— ziv. 244 
Boadwaf , user does not oonatitate a atreet, 

Seweta, xiii. 13, 22, 29, 32, 33, 43, 62, 119, 

122 

ateam roUera on, xiii. 115 

Sloping banks, xiii. 23 

Speculators, ziii. 31, 35 

Successive owners liitble, xiii. 15, 6g, 72 

Suitiog work aod materialii to qualitj of 

property abutting, xiii. 20, 42 
Taking over oa " Jiighways repairable by 

tiie iahubitanU at large," viii. 123, 139, 

141, 142, 143, 145 

What might be embraced Id a general Act 

ofFarlisuient, x. 88 
Width, i. 40— iv. 197, 262— x. 95 
-~— table of towns, z. 104 , 



843. STBEETS, PAVING 
ElUce^latk, E, B., paper, iii. 59— vL 40 

Blackburn, zii. 19 
Bradford, zii. 91 
Bumlcv, zi. 136, 147 
Bury, i. 23 
Carliale, x. 65 
Uroydon, z. 59 
Derby, iii, 80— z. 60, Gl, 65 
Edinburgh, x. 63 
Hanley, xii. 161 
HuU, IV. 70 
Leeds, vi. 136. 144 
Leicester, x. 53, 154— ziv, 243 
Liverpoot v. 22, 23, 25— x. 59 
Maidstone, xiv. 11)5, 123, 124 
Maocheater, iii. 54 
Middleaboruugh, vi. 136 
Norwich, x. 66 
Notttngtiam, xi 177 
Oxford, ii, 79 



S( 



Souths [II plon, _.. 
Tnnbridge Wells, 



Asphalt, iii. 73, 81, 82— vii. 81 

urtifloial, z. 154 

buftlen boriie, vi. 45 

oleautinesa, vL 55 

concrete foundations, 

i. 55 



46 



- coat, vi. 50, 52— vii. 37, 38 

- durability, vL 50 

- Ia;fing, vi. 45 

- Limmer, iii. 74, 81, t 



i. 47 



1.52 



ramming, v 

requires much cleaning, iii. ttu 

rook. I. 154 

roiued by lime concrete, vi. 46 

BOavenging, cost, vi. 52 

epreadiug, vt 47 

eurfuce, vi. 47 

tbiokiiees, vi. 45 

unaffected by weather, iii. 74 

Val de Travera, iiU 58, 73, 81, 82 

V. wood, iii. 74, 81, 8a 

Camber, xv. 71 

Causes of failure, vL SI 

ChauneU, xv. 71 

Cleaalineaa, vi. 55 

Contour, setting out, x. 68 

Contract price, Leeds, vi. 145 

Cost, vi. 145— ii. 79— X. 25 

of cleaning paved road, iiL 66,80,91 
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Coet nf differont UndB, table, x. 65 

ofmaititenaDce of paring, iii, 65, 80 

per mile, it, 82 

Countiy, rii. 30 

Draining, vii. 28 

EfflcieniT' and coat, relation, xii. 197 

Elastitutr andesinible, iiL 73 

Foothold foe horw*, Ti. 53 

Pootpatha, Ti. 56— Tii. 80, 36. 81~Ix. 79 

Mphalt, vi. 66 

artificial, v. 24 

joints T. 34— Tii. 32, 42, 45, 46 

bloot, Tii. 31 

chip, Tii. 30 

concrete, Ti. 137 

oniBhing BtraiDa, iiL 85 

mioodaiD, i. 64 

mixed aome time before use, 

iii. 84 



» foundation, iii. 87 



Hacadatn, oleaallnea^ tL 55 

ooQcrete, Til 30— x. 83, 6t 

ccet, Ti 52— TiL 35, 38, 89 

. defined, Tii. 27 

ftmaoe slag. Ti. 136 

graTel, rii. 29, 36 

toying dry, Tii. 44 

maintenance, oost, ri. 52 
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- road metal, ganging, TiL 29, 30, 41, 

16 

- rolling, Yii. 44. 47 

- acavenginz, cost, tL 52 
Noise from, 'i 



dents, iii. 66 
Roa'l -making mnteriala, 
■ . ■ rollers, LeeHs, 
Safety of mater inli, 
SettinET ont ' 



145 



i.29 



a of Eticata, 
90,91 



Btone, Tii, 31, 46, 47- T 

- Abordewi gianite, . , 

- asphalt jointa between, iii. 54, 56 



- ling htiOn. Tii. 32, 40, 41, 42, 44, 46 

- Bt»ne, vi. 56 

- tar, 1. 63, 54, 56 



Umeatone ohippings for, i. 60, 

materials, x. 54, G7, 60 

Victeria stone, i. 154 

vitrified brEck, Tii. 81 

- whin stone, coat, viii. 88, 91 

York stone, i. 145— vU. 81— viii. 91 

—X. 151^xii. 92 
Foimdatians, iii. 55— vii. 27, 28, 81, 82, 40 

—XT. 70, 71 

• broken atone, vli 27 

. oonciete, vlL 29, 81, 82, 40, 45. 47— 

ix. 79~4ii. 91 

penned, vii. 2S 

rammel, x. 56 

Blag, vii. 27 

Gradients, vi. 56— vil 43 
Grouting pating, tiii. 88, 90, 91 
Hard material a oauae noise, iii. 68 
History, vii. 26 
HotMa falling, iii. 75 
Kerbing, x. 164^-xiL 147— XT. 71 
Kinds, Tii. 27 



i. 27- 



druiiing, v 



duiabilitT, iii. 87, 90 

Endon, xii. 161 

gninite, vi. 145— vii, 29, 31, 40; 41, 

42, 43, 46, 80, 81— viii. 91 

onbea, i. 151 

paving, xi. 136, 147 

aetts, iL 177— xii. 91, 92— xt- 

70,88 

~— cle&nlineea, vi, 55 

coat of, iii. 82— vi 62— vii, 37, 

38, 39, 43— xii. 92— x». 70, 72, 7S, 8g 
first coat and mainteDBDoe. eeU- 

mate, xt. 72, 88 

homblendio most dnrable, iii. 54 

maintenanoe, iii. 58, 80, 82, 33 



setta, eoonomy of repair, iii. 35, 

at 

— — most enduring, iii. S8 

on oonorete fonndatiini, x. 

3 

on steep gradients, it. 85. 

13 

preventing slipporinoaa, lli 

i5 

replacing macadam, iii. 54, 

"1 

specification, i. 25 

Haalingden rock setts, x. 25— xii 19 

- Iriah granitft iii. 54, 57 
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Sloue, limeatone, vii. 29, 84 

millstone grit aetts, iii. 65 — rii. M 

MonntBorrel granite, lii. 91 

■ Nell setts, zii. 92 

Newry granite aette, zii 19 

— — pnnng unil mnoadam oompaied, viii 
88,94 

Peamaenmawr, iii. 58 — i. H5 

pitoh jointing between tetts, iii. 56 

Portniadoc, iii. 57 

random, vii. SI. 41, 47 

Bowlej aetta. iz. 79 

iand-grit setts, i. 25 

BettB, co»t of ropaviug with, iii. 57, ft 

sizes, iii. 57— v. 49 

bIbs, Tii, 29 

Bt^y Stanton raodoms, ix. 79 

eetta, iz. 79 

suited to steep Btreets, iii. 57 

sjenite setti, iii. 54— vu, 29, 31 



wiiinetone, yi. 144, 145 — 

40, 41, 43, 45, 46— Tiii. 88 

Wycombe sett*, iz. 79 

Straight-edge for setting out ext 



Suburban, vil 30 

Tbt nuu^dam, s. 64, 59, 62 

advantagae, z. US 

BeQBted%, Tiy. 121 

. ooat, X. 65, 59. 61, 62, 63, 66 

dnrabilitj, z. 55, 60, 62 

Granite tor, i. 61 

Ujing, z. 63 

Leicester, x. 154. 182 

limetrtone for, z. 61 

materiaU, i. 54, 59, 60, 61, 62 

mixing, z. 54 

rolling, I. 56, 62 

Town, yiU SO 

Tractioo on paved mads, iii. 65 

resiatunce, vii. 36 

Traffic, stamlard of, vi. 45 
WateriQ^, viii. 89, 90, 91 



Wood, eoat, vi. 52— vii. 38, 39, 50, 53, 55, 
56— z. 26, 27— xL 178— xiv. 243, 246— 
xv. 71, 88 

per yaid, xr. 72, 73, 84, 88 

oreosoted, vii. 48-it. 71, 84 

boeeh, z. 26 

flr, cost. X. 26 

creoBoting, vii. 51, 64, 55, 56 

Oroskey's, iii. 70 

Dantzio, vii. 51 

elaaticity, iii. 72 

elm. zv. 71 



- G^nndation for, viL 51 

- Horrison'fl, iii. 70 

- Henson's, iiL 70 

- Improved, i!L 71, 81, 82 

- laying, xiv. 230, 239, 246 -xv. 71 

- liguo-minenil, lit. 70, 81, 82 

- lime grondng, vii. 64 

- maintenanoo, coet, vi 52 

- Msrshairs, z. 66 
-~ Memel, vii, 51, 55 

- Mowlem's, iii. 71 

- objeotioDS, zi. 148, 149, 150 

- pea gravel on, z. 67 

- permeabUi^ to wet, iii, 68, 69 

- pitch grouting, vii. 52 

- pitch pine, vii. 54 

- preserving, iiL 72 

- quietnees, vll. 63, 54 

- ted, XV. 71 

- Riga, vii 51 

- safety, vu. 53 

- scavenging, ooet, vi. 52 
-■iEeofblocks,viL51, 53 

- spaces between blocks, vit. 53 

- surfooe-'waler oliaonels, vii. 52 

- V. asphalt, iii, T-i, 81, 82 

- wear and tear, vii. 49 



82- vi, 146— vii. 42, 



Wear, 

Wood, , , . 

48, 80, 81— z. 26, 66— xi. 177— xiv, 

239, 243, 2i5-zv. 71 

advaotagee, li. 150 

asphaltio, iiL 71, 81, 82 

Baltic redwood, vii. 48, 51, 55 

beech, viL 48, 62- zi. 177, 178- 

71 



— concrete foundatiott, iii 55, 83 — vii 
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Aberdeen, viii. 226 

Ashton under Lyae, viiL 225 

Batley, viii. 225 

Belfast, viii. 2:^ 

Birkenhead, viii. 225 

Binaingbam. viii. 226 

Blackbnm, viiL 225— zH. 20 

Bolton, viii. 225 

Bradford, viii. 223, 225-xii. 93 

Bristol, viii. 225 



.vGooglf 



IHGBZ TO T0I.II1CS8 I. TO ZV. 



Bimley, Tiii. 22S 
Butt, ii. 23— i. 1^ 41 
Cwdifl; Tiii, 225 
Dett?, TiiL 225 
DewBbnrj, Tiii. 220 
Dublin, Tiii. 226 
Di]ii<le«. Tiii. 226 
Edinburgh, viiL 226 
Glwgov, viil. 226 
Olouoester, rilL 226 



Hill, li. 22S 



Hilhgate 



r, TiiL 226-ix. 23 
Newcastle, Tiii. 226 
NottinghuD, Tiii. 226 
Oldham. Tiii. 226 
Oxford, ii. 89, 92, 99, 100 
FljuionUi. TiiL 226 
Portsmautb, Tiii. 226 
PraatoD, Tiii. 226 
Bocbdale, ii. 23 
Salford, Tiii. 226— iz. 25 
Sheffieid, viii. 226 
BtitliDg, Tiii, 226 
Slockton, z. 2St 
Vsiioiu tovDB, table of, riii. 225 

Accideoti, xL 2S2 
Barker's ajateoi, iii. SI 
Bolts, weuing, t. SO 
Bracketa, iii. 30 
Cable, li, 229 

pnlleys, li. 229 

Care, iL 230 

bogey, r. 42— sL 230 

ceotre wbeeb, x. 42 

cort,xiL97 

dummy, zi. 230 

GroTBr'a, i. 42. 292 

OoBt, ix. 90— xi. 231, 233, 236— xlL 96 
Croaaiuge, ix. 90 
Graea timben, iii. 28 
Cntrea, TeducingJrarkBOD, x. 42 
Deacon's BTBtcm, iii. 28, 36— t. 25 
Deed ends,' avoiding, iii. 25 
Defteta in aonatrucuon, iii. 86 
Double bogies, i. 42 

line pteferabte, iii. 24 

Dowaon's syatem, iii. 31 
Endless rope, carrying, zl. 229 
Eoginea. iii. 25— iz. 24, 28, 53— x. 2S1, 2 
283, 287, 290, 291- zii. 94, 97 

can atop in own length, Iii. 39 

compr^aed ait, iif. 26 

ocat of repaira, iiL 35 

per mile, x. 282, 286, 287, 2 



Kogioea, Downea's, ilL 26 

drivera need not be skilled, iii. 34 

emitting no steam or ami^ iii 39 

fl»t ooat, iii 27 

Graafliani'a. iii. 26 

Hughes's, iii. 26 

Kitaon's, z. 287— liL 94 

maintenanoe, iii. 27 

Hekaraki, iii. 26 

Men7weatheT'B, iii. 26 

MohoriefTa, iii. 27 

more controllable than hotMB, iiL 34, 



287,2 

stationary, zi. 230 

Wilkinaon, ix. 24, 28, 53— z. 42, 287, 

290, 291, 292, 296 
Fastener^ iiL 30 
Field's boiler for, iz. 53, 55 
Fishplates, U. 24 
FoandatioDS, zii. 93. 95 
— - and paTing, eost, zii. 93 

■ ■■■ 28— iz. 23, 24, 32, 87— 



x. 41 

Gauge, Li. 27, 29, 31— zii. 9! 
Goods trafflo requiremoita, ii 
Gripper, zi. 231 
Heavy ttttfflo intended, iii. 2 
Horse-power oonsnmed, iii, '. 

Horan, Srat eost, iiL 27 



soon wear out, z. 280, 285 

Iron bearings, UL 31 

ElDO^d'a system, iii. SI 

Liveaay'e aystem, iii. 31 

Longitadinal sleepers nnflt for steam 

power, iiL 27 
Lubtiaatars, zL 229 
Mair'a systein, iii. 81 
Nsnoir streete, iii. 24 
Newill's governor, x. 292 
Nieman's sybtem, IiL 31 ' 
Nuieanoa to other traffic, iii. 33 
Onmibusea mperior, iiL 33 
Oscillation of cars, reducing, 3. 42 
Paasenger trafSo chiefly, iii. 24 
Passing narrow parts, iii. 25 
Puasing-placoa, zi. 229 
Pointa, iiL 32~ix. 90 
Public couTenience, Iii. S9 
Bails, IiL 29-xi. 208, 232- xlL 94 

and pitoliing become uneven, iii. SS 

Barker's, ix. 23 

bolting, zii. 95 

bridge section, iz. 89 

ooet, ix. 24, 25, 29 

elasticity, iii. 29 

girder, iz. 23, 24 
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Baila, Oowui, Iz. 2.% 21, 2S, 80— x. 41— 

95 
iiiJDied by oooUlation of engine, 



eepiug level nilh read, t. 50 
laying, cost per mile, xii 95 

steel, m. 38— ii. 23, 24. 29, 30, 89 

weight, ii. 23, 26. 29, 89—1. 41 

Witiby and Levick's, lU. 94 

Railway trnoka unsnited, iii. 24 

Beutal. lii. 96 

Kigid besriag beet, iii. 28 

jointo BD evil, ill. 87 

Save mamteDBUoe of kmmIb, liL 24 

Sboe platea, xii 96 

Single line, obJMtion* to, iii 24 

eiim>ei bmke, xL 231, 233 

Snow OD, xi. 237 

BoDtt&r'B syBtem, iii. 30 

Stationo, i. 288, 291. 292, 295, 297, 299, 

301 
Bteva driven, vj, 134— viii, 223— ii. 24. 

26, 31, 94, 100— X. 280— xii. 94 
bogey fnmOB, x. 288, 291, 294, 295, 

299 

ears, I. 288, 292, 293, 294, 296, 801 

climbicg hilla, x. 289, 292 

conditions imposed by Boaid ofTiade, 

X. 280, 286, 289, 298 
cost per mile, x. 282, 286, 287, 291, 

293,300 

depreciation, z. 266 

fifth wheel. X. 289, 292 

flexible ban, x. 294, 295 

goveraon, x. 289, 292. 296, 298. 301 

Hopkine'* syBtem, x. 299 

noiae, I. 295, 296, 299 

nmsanoe. z. 281, 286, 290, 291. 296, 

301 
paeuDg ourvea, x. 287, 2SB, 291, 294, 

295 
permitB of longer jonmeji, iii. 27 



Sontar'B lyatain, x. 299 

Steep grade, xL 228 

Tie rods, ix. 26, 31— xii. 96 

Timber ofFected by wetting and diying, 

iii. 28 

sleeper ByBtem, iii. 28 

Tnfflo burden on, iL 239 

TigDolea system, ix. 26 

Water, exolnding, iii. 29 

Weight of otbei traffic to be provided for, 

iii. 36 
Width between rail and fbotpath, Ul. 24 
Winby and Levick's system, viii 223 
Working ooet, xii. 97 
power, Iii. 25 
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Aldenbot, xii. 244 
Aahford. xii. 244 
Aston Blanor, xii. 244 
Banhnr^. xiL 244 
Borrow in Fnmess, xii. 244 
Baaingstoke. xii. 243 
Beokenban, xiL 244— xlv, 212 
Bexle;, xii. 243, 244 
Birmingham, xii. 244 



ingham. 



Bloomsbuiy, xii. 244 

Brentford, xii. 244 

Brighton, xii. 240, 244 

Burnley, xii. 244 

Barton on Trent, xiL 244 

Camberwell, xii. 245 

CleikenweU, xiL 244 

Croydon, xii. 244 

Darlington, xlL 244 

Derby, xii. 244 

Da<lley,xii. 244 

Eofleld, xii. 244 

FamwoTth, xiL 244 

Great YanaontlL xiL 244 

Greenwich, xii. 245 

Hampitead. xii. 245 

Hampton, xii. 243 

Hanley, xii. 245 

Holborn, xiL 245 

Uorneey, xii. 245 

Hove, xii 245 

India, xii. 233 

Ipswioh, xii. 245 

Lambeth, xiL 245 

Leamington, xiv. 199 

Leeds, vi. 140 

Longton, xii. 245 

Maidstone, xiv. 119 

Mexioo, xii. 233 

Newcastle, xii. 245 

Northampton, xiL 245 

Norwich, xii 245 

Over Dam en, xii. 245 

Portnnoutb, xlL 245 

Beading, ii. 151— iii. 77— xii. 2S7 

Bonen, xii. 243 

Bowton Regis, xii. 245 

St Jamoa, xii. 245 

St Harylehone, xii. 236, 241, 245 

BL FancrBS, xii. 245 

Sonlbport, liL 245 

Strwtbam, xiL 245 

Tnnbridge Wells, xii 237, 

WaUeeley. xii 245 

Walsall, xii 248 

West Bromwich, xii. 245 

Wrst Ham, XiL 245 



245 
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Whiteohapel, zii. 245 
W;il««den, xii. 245 
Wincherter, xii 245 

Are* covered bj 1 gallon, xii. 235, 237. 

238, 240. fiSO 
BavlHy's hjdroatatie water Tan, ii. J52— 

ill. T''— xii. 250 
BnwQB BTBtem, iL 152— xii. 236 
Calcium chloride ia walet for, xii. 243, 250 

calculating spread, xii. 239 

Carta, U. 151— iii. 73— xii. 238 

ooBt. iiL 78 

of nmng, iL 151— iii. 78 

working oapeoity, ii. 151 — iii. 78 

Cost. xii. 236.237,238,240,241,242,248— 

xiT. 212 

per mile, ir. 82, 83 

Diitrftiution, xu. 235 

rate by carts, xii. 240 

Dnst mnst be prerented, xii. 284 
GallouB per mO^ xii. 235, 237. 238, 240 
Hand maohinea, ii. 151— iii. 78— iv. 101 

cost, ii. 152— iii. 78 

of labour, ii. 152— ioi. 78 



T. carta. IT. 95. 101 

wMkiog capacit;, iL 152 

Headly's drum machine, ii. 151 — iii. 78 — 
xii. 237, 249 

cost, ii. 152— iii. 78 

i — rowntenanoe, iL 152 — iiL 78 

Hoee and conpling, xii. 242 

jet, early eiperimento, xii 237 

on tmokB, xii. 237 

reel, xiL 237, 249, SSI 

James'* cart, liL 250 
Heaiuring the water, xii. ' 43 
Karrow atreatB. ii. 152— iv. 101 
Number of days annuaUy, xii. 235. 240 
Odam'a jets, XiT. 119 
Paria ByBtem, xii. 236 
Paying for the water, xii. 248 
Perforated pipee along kerba. ii. 152— xli. 

Kaiofftll, influonoe on, xii. 235 

RiTer water, tit. 199 

8ea water for, xii. 122, 145, 243, 247, 248, 

249. 251 
Bolnble talts in water Buatain bnimditj, 

Iii. 243 
Spread, coaditioot affecting, iii. 239 
Bland pipf a, xii. 242 
Street liydrants. iii. 77 
Vans. sij. 238 

. coet. xii. 241 

Washing essential, xii. 237 
Water, amonnt required, xii. 234 

laid on per sq. yard, ii. 152 

Willacy's patent cart, xii. 239, 240, 247 

250— xiT. 119 



846. 8TBETP0BD 
BemoTiug hoose refoae, xi. 59 

347. SDNDBELAND 
Air ipaoe for dwellings, x. 104 
Disfrict meeting, xt. 10 
HorsB-keep. xiii. 304 
HospitaL it. 28 
Beads, Tii. 41, 42, 48 
Sea wall. it. 18 
Sewer gas, i. 50. 52 

TentilatioQ, i. 57, 266 

Streets, width, x. 104 
TramwayB, Tiii 226 

348. SUBFACE DBAINAOB 
Harket Harborough. xii. 131 
Old sewers for. xii. 127, 131 
BtUD&ll, acoommodation for, xiL 131 

848. SWANSEA 
Boad rolling, Tii. 144 



860. TAUNTON 
Sewage Tolnme, zi. 158 

361. TELEPHONES 
Heade, T. de C, paper on, xIt. 368 



Batterioa, IJT. 372 

Blt-ctrical appatatna, i 
Eiamination piU, liT. 
FirealarmB, liv. 371,ff 
Instruments, xIt. 369 
Joinliug pipes. xiT. 36S 
Laying pipes, xiT. 369 
Pipes, liT. 368 
Signalling points ii 



proportion to popnla- 



868. TBWKE8BDBT 
Wat«r supply. iiL f. 214 
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8B8. TIPTON 
Hdne-keep, siii. 8(4 

8U. TOSBBIDQE 
Taimen fooling aewftge, vL 39 

86B. TOSQUAY 
Olimale, xi. 112 

Coat of aeoera, li. 103 
District meeting, li. 102 
FootwnjB, xi. lOe-lT. 191 
Horee-keep, xiil. 801 
HoliBO-refiiBe, xi. 110 
Horb>lit7, li. 112 
Pleuare groDndg, xi. 108 
PopnlatioD, xi. 103 
PubUo ligbta, XL 111 

wortte, iL 102 

Rateg, xi. 105 
B(»dB,xil05 
SanAtorinm, xL III 
Soavenging, xi. 110 
Sea defencea, xi. 112 

■ wall. xl. 10* _ 

Sewage dUpoonl, xi. 102 
Btono wit«r uwei, xL 101 
Street ImpraremealH, xl. 105 
WftterworkB, xi. 108 
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357. TOWN STJKVBTOBa 
Cffitiflcates of competency, fx. 70, 72, 73 
CiKnIai' letter to, L 230 
Oontrol over oondition of old buildings, XT. 

101 
Oonnty Bill, under, xil. 115 
Difflonlties encountered bj, viii. 19 
Duties i. 233— ii. 70— it 10, 47 
Erideooe of interference with, i. 244 
ExaminatloDS, for, xi. 25, 27, SO, 51— xiii 

179 



153 

OoTemment support, i. 227 — Ti. 85 
Lunfficienc; of power, xi. 12 

— ataff, Ti. 10, 30, 41 

Legal proteotiDn, ii. 71 

Ha7 not leoeiTe feea, xir. 298 

'"B extra pay for ipeoial dntiea, 



i. 142 



i. 14 



Position in regard to eleotric lighting, xr. 

161,179 
ProteolioQ needed, Ix. 71— xi. 14, SO, 19, 

50,51 
Public Health Act, 1875, ix. 69 
Qnaliacation, xi. If! 
Bange of admiDJatratioii, xi. 26 
Salftriea. ix. 71, 72 
Baaltary Inatitate Bxaminationa, vilL 100 

— ix. 70, 73 
Scope for, xiv. 294 
Btatna of, ix. 69 
Superannuation, xi. 45 
Support needed, viii. 108, 118 
Traioiug, xiv. 293 
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860. TUNBBIDGE WELIB 
Contiaoting for town work, It. 88, f. 272 
Footwaja, cost, x. 65 
Roads, maintaiiiiog, coat, iv. 82 

materials used, ir. 81 

Sewage t»m, it. 187 

Street watering, xiL 237, 238, 245 

Tar paTBments, x. 57 

881. TUNNELS 
Meraey, i. 153-x. 72 

863. TTLDESLBT 
Water supply, lii f. 211 

868. TINEHOUTH 
Contmoting for town work, iv. 88, C 272 
District meeting, ix. 7 
MortaUty. ii. 108 
Befnae oollectiug, oost, ii. 81 
Boad rolling, rii. 141 

864. VENTILATION 
By gas burners, viii. 157, 15S, 159 
Hospitals, xii. 39 
Fuhlic hatha, xiv. 277 

365. TBNTILATOBS, SEWEB 
ArchimedeoD serews, i. 57, 179 
Batten's, vi. 225 
Brookes, i. 55, 185 
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Climax, liy. 186 

GMtofohKrooal,!. 1S8 

Qallj gnitiiig^, i. 54 

HnrriKD'a, i. 186 

Hftvkahftw'B, vi. 226 

Hildied'8, L 186 

Induced conenl, ilv. 166 

JsL-otM's, i. 55, 18<t 

Latham ■. L M, 55, 56, 57, 185— *i 97 

Leedg BVBtem, vL 227 

eiott'B, iiL 209 
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866. VSBNWT 
Duns, XT. S 
Dutriot meeting, it. 6 
Liverpool wat«twotk& iv. 6 
B«iDfi>11, XT. 7 
Bivet, XT. e 
'WatenUed, xt. 7 
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367. WAKEFIELD 
Bewage Tolnmi^ li. 15S 

368. WALLESLEY 

Horgs-keep, xili. 301 
Houee refu-e, xt. 192 
Btreet wateriDg, xii. 24S 

869. WALLS 
Difi^renoeB in itatulor; minimnD 

Dock, XT. 60 

DwellingB, diviBion, xiL 20 
FootinEs, iv. 2G9 
Htlght, It. 268 
Hospiwl, I. 77, 78— lii. 38 
JolsU not tied with, li. 251 
Hateiiala admiasible, iv. 261 
Partj, It. 183. 195, 198, 270 
Qnay, xii. 77 
Biver, IT. 77 
Babble, it. 264 
Sewage tanks, xiK. 172 
Stone, iT. 26* 
Thicfaieai, iT. 268— x. 115 



870. WALSALL 

Contraclibg foi town work, it. 81 
Hone-keep, liiL 304 
Mortality, iL 108 
Befnee oolleoting, cost, It. 84 



371. WALTHAM8TOW 
FoputatioD, liii. 83 
Di«trict meeting, xiiL 83 
Sewage works, liii 83 

372. WALTON 
Bonae mtaae, it. 192 

878. WABBINGTON 
Contraoting for town woik, It. 88, f. 

Destructor, liii. 2^ 
District meeting, liii. 110 
Excreta, removal, ci 
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Mortttiity, ii. i 

BaiuiiiU, vi. 166 

Bewer Tentilation, i. 57, 266 

Street improTementa, sii, 28 

Tannere fouling aewets, tL 39 

874. WAHWICK 
AlUtnde, iii 177 
Bronk Qow, iii. 184 
Diatiict meeting, Iii. 176 
Domestic water ooDsumption, iii. 52 
Geology, iii. 177 
Haseley waterworks, iii. 183 
Population, iii. 177 
Rainfall, iii. 184 
Rateable Talue, iii. 177 
Removing bouee Mra>e, xL 50 
Sewage tiinQ. i. 121, 142— it. 187 

Toinme, li. 158 

Slower Tentilation, L 57, 264 

Wnter adits, iiL 187 

analyaii, ui. 178, 180. 183 

- oonsumptioD, »i. 157 

- anppir, iii. 177, f. 214— ix. 195 

- mute, til. 181 

- works, ii. 201 
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Bristol, analysis, It. 42, U 
CoTentTT, analyais, iL 157 
Uoreford, analysis, it. 130 
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Stratford on Avon, lii. 49 
Vjrnwy, a.. 19 
Warwick, an>d;ds, iii. ITS, 180, 1S3 

AbexibB gases, t. 126 
Action OD pipits, xiv. 354 
Ctalk, iiT. 171— XV. 51, 53 
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tion, ilv. 360 
Cielema replaced bj meters, li. 157 
Discoloration, liv. 354 
Hanlness, iit. 359 
Lou of oxvfffin by contAot with organio 
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— — nodernround tanks, si. 92 

Pare, composition, v. 125 

Bed sandstone, t. 56, 57— ziii. 158 

Biver, analysis, t. 126 

Soft, obetructtag mains, xi. 109 

Tanng from brook, iii, 51 

Wells, examined, xi. S5 
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ST7. WATER OL08BT8 
Cardiff, ii. 28 



Flashing pipe, ii. 38 

should be immediate, ii. 53 

with house refuse water, ii. 26, 29 

Fowler's combined ashpit and w.c, ii. 2( 

63, 68~Ti. 14-1. 32, 31, 85, 38, 3a 
— — self-acting, iii. 204 
General superiority of, ii. 27 
Hopper T. pan, i. 190 
In court dwellings, v. 82 
Indoors condemned, ii. 104 
Iron pipes, viii. 43 

Lobby between house and w.o., ii. 115 
Loss of fertilising materiBl by, i. 63 
Uncfarlane trough, liii. 17 
May be worse than cesspools, iL 104 
Misuse by the poor, Tiii. 18 
Model bye-lftwB, i». 195 
Pan and container, ix. 98 

■ V. siphon, L 190 

8elf-Botiiig, in Salford, ii. 24 

Should be detached from house, iL 104 

Situations for, viii. 24 

Siup-water carriage syslem, x. 82, 84, S; 

Trapping, Tiii. 37 ' 
Trongh closets, Leeds, v\. 140 
Unfitted for cottage use, vi. 17 
VftlvB system, viii, 43 
Ventilating, i. 189, 190 

- v. cesspools, i. 8G 

- T. earth closets, i. 86 
Waste-preventing cisterns, iii. 13 
Water charge, Leeds, vi. 149 

- oonaumption in, ii. 53 

- poUnted by gases from, liii. 150 

- slnp, provision for, ii. 25 
»upply, i. 190— I. 36,38 

pipes, liv. 366 



Advanlsgea of, i. 86 

Air pipes from traps under, ii. 120 

*' Artiwn," ii. 38 

Attuched to eiternal walls, ii. 114 

Aatomatio flushing cistern, xii. 13 

Bndly pla(^ iL 103 

Beck's. Tiii, 43 

Cisterns that will not borst in freezing, i 

40 
CooununioaHoa with drain, i. 189 
Compared with pail olotels, liii. 183 
Do not dispense with dustbins, i. 38 
Draughts through seat holes, vUi. 27 
P-trapa, ii. 104 
^il^ of weo ther on, iL 29 
Field's flushing obaml>er, viii. 26 
Flushing, iz. 136 

box, ii. 38 

cistemB, \. 40 
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Bedford, vi. 157 
Btackbum, ?i. 157— iii. 17 
Bolton, vi. 157 
Bradford, iv. 133 
Bristol, iv. 59 
Cheltenham, vi. 1S7 
Croydon, vi. 167 
Dublin, iii 62— iv. 133 
Glasgow, iv. 133 
Greenock, it. 133 
Greenwich, iiL 52 
Hereford, it. 131 
Huddersfleld, iv. la'l 
Kidderminster, liii. 147, 168 
King's Lynn, liv. 173, 175 
Lenminglon, liv. 224 
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Leed^vil57 

Leicester, ziv. 220 

Liverpool. iU. 51, 52— It. 188— ri. 157 

Newcastle, Ti. 197 

Oifwd, ill 156 

PaiHlej, iT. 133 

Preston, tL 157 

Beading, iii. 51— vi 157-^x. 107 



obd^, T 



157 



Balford. tI. 157 
Bouthampton, sv. 52 
Stratford on Avon, liL 49 
Warwick, iii. 181, IM 
WoWeriuunplon, iv. 232 
Table of towne, xiv. 351 



By non watar-cloeet towns, vi 157 
B;r water-oloeet towns, Ti. 157 
Cbiaging by meter, xi. 156, 157, 166 
Cloaeta, ii. 53— ziv. 352 
OompenBation water, liv. 356 
Domeatio, i. 158— ii. 53— iii 81, 52— siv. 
351 

bj meter, xi. 154 

For trade purpoaee, i. 198— vi 157 

UospittLlK, ziv. 852 

Hinimum for saiiltatian, ii. 188 

Not regular, liv. 352 
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879. WATER MAINS 
Abingdon, ii, 179 
LeamingtAu, siv. 196 
Stratford on Avon, xii 53 

aeanslng, li. 109 
Concrete roads protect, v. 49 
Defective, Iv. 133 
Ditneniions necessary, liv. 852 
Horrii's drilling Duuiine, ix. 181 
Not kid deep enough, If. 99 
Obstruction, li. 109 
Oxidation, xi. 109 
Scraping interior, xi. 109 
Sewer gas entering, xl 99, lOO—siv, 173 
Siphons in lieu of ezoavatioaB, It. 176, 188, 
195, 196, 197, 202 

880. WATEB METBB8 
Deacon, G. F., paper, i. 157 
Abingdon, ix. 180 
LeemiQgton, xiv. 199, 201 



OoBt, V. 68, 59— xiv. 282 ■ 

Id conaumen, xi. 155 

Curtail anpplj, xi. 101 
Deacon's, xiv. 199, 201, 205 
Diagrams, i. 161 
Dispense with cisterns, xi. 157 
Domestic, xi, 151 

not desirable, iz. 188, 193 

Duncan's, T. 41 

Equalise eoel of snpply, xi 154, 157 
Eeeeatiid for ooDStaot eerrioe, i. 165 
For trade sapplies, v. 41 
Guest and Chime's, ix. 198 
House to hoose inspection leplsced by, 1 
51- - 



Large saving by u 
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Hauchtstar Meter Co's., v. 12 
Object of, i 154 
FiatoD meter«, i. 160— ix. 195 
Reduce cnet of inspection, xi. 1 5 

volume of sewBge, »i. 156 

Rent charged for, ix. ISO 
Siemens, v. IS 

and Adamson's, xiv. 174 

Tell-talo, xii. 243 
Troublttnme, zL 169 
Turbine meters, i. 161 
Twin tipping-tauk, xii. 18 
Tylor'fl, ix. 180, 190- xi. 157 
Union, v, 12 



Waste checked by, i. 154-^a 51, 184< 
V. 43 

Worthingleu, T. 42 
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r, xiu. 150 
Kingsdown, iv. 42 
Nortbampton, ii 169 
Warwiok, iii 181 
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hoBse refuse, xi. 54 
lack of water supply Gdt flushing 

w.o.'s, &,.-., xiii. 150 

paper works, xi. 71 

sewage, xiv. 151 

sewer gas, xiv. 173 

Canses, xiii. 150 

Influence of strata opon, iv. 12 

Pure water defined, i. 67 

Rainwater impurities, i. 67 

Rivers Pollntion Prevention Bill, standard 

unattainable, xi. 202 
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Bive^'Wat«T iropnritiea, i. 67 
Sower gas soluble in, i. S3 
Spring-iTBter imparitiea, L 67 
Sund&rd for sowage uffluent, x. 265, 274 
Bnbsoil, si. fiO 
Undargronnd tanks, xi. 92 
Wells ezaminad, reaalla, zi- 85 

383. WATEE PTJBIFIOATION 

Angell, L. (Fieddent'a addrew), i. 36 



Boiling, J 

ark's process, 

Distillation, 
Filtration, L 201— vi 148— lii. 63— slv. 
857— IV. 51, 54 

aroa,L202 

cost.!. 203 

Lime precipitation procew, i. 200 

Oxidation in nkierToin, xir. 354 

Kemoriog germs, xii. 113 

Reserroir straiaera, xt. 9 

Sand for, liL 113 

8oft«iiiug, xIt. 35&, 360, 361~xt. SI, 58 

oost, XT. 52 
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Angell, L. PMsideaf s address. 
Crimp, W. S., paper on, ' "" 
Fouler, A. H., paper, t ism 
Pumell, B. J., paper, li. 196 
Vawser, E., paper, v. 141 



Aberdare, iii. f. 214 

Aberdeen, iii. f. 214 

AbargaTeonj, xiv. 351 

AbiuedoQ, ix. 182 

Alnwick, iii. f. 214 

Ashton nnder Ljna, iii. f. 314 

AtbertoD, iIt. 351 

Ayr, iii f. 214 

Bacnp, iii f. 214 

B^ildon, iu. f. 214 

Bamsle;, iii. f. 214— Tii. 75 

Barrow in Fumess, ii. 145— iiu f. 21* 

Batb, iii. f. 214— lir. 351 

Batle;, iii. f. 214 

Bedford, Ti. 165 

BilBton, Ti. 155 

BUkenbead, ijt. 351 

Biralall, iu. t. 214 

Blaekbnin, Til. 157- zU. 14 

Bolbm, tii. r. 214^vi. 157— iIt. S5I 



Boston, iii. f. 244 

Bradford, iiL f. 214— Ti. 155— liT. 351 

Brigg, iii. f. 214 

Bury, iii. f. 214— X. 11 

Buxton, iii. f. 214 

Calverlej, iii. f. 214 

Cardiff, iii. f. 214 

Carlisle, xIt. 351 

Carmarthen, iii. f. 214 

Carnarron, ill. f. 214 

Castlerord, Ti. 155 

Cheltunbam, iiL f. 214— vL 156 

Chepstow, iii. 1214 

Chester,TL15S— xiT.SSl 

Chorley. Ti. 155— iit. 351 

Cleator Moor, iii. f. 214 

CleTedon, xiT. 851 

CoTentrr, ii. 156— vi. 159 

Crieit ill. f. 214 

Dewsbury, iiL f. 21* 

Dnblin, iiL f. 214 

Diikintleld, Ti. 16B 

DnmbartoQ, iiL L 214 

Baling, tL 155 

Ennif&llen, iii. f. 214 

Kseler, iit. 35 

Farabam, iii. f. 214 

FUsT, iii. f. 214 

Flint, iiL f. 214 

Glasgow, iii. f. 214— xiT. 3S1 

QloDce»ter, UL f. 214— xit. 851 

Greenook, iiL f. 214 

Hereford, iv. 129 

Hertford, ziv. 351 

Heywood, iiL f. 21* 

HuddersMd. iii. f. 214 

Hyde, iii. f. 214 

Sendal, wi. 155 

Eeswiok. iii. f. 214 

Kidderminster, xiii. 146. 1S2, 157 

Kilmarnock, iii. f. 214 

King's Lynn, liv. 170 

KingstOD, iii. f. 214 

Kirkcaldy, iii. f. 214 

Kirkbain, iiL t. 211 

Iimoastar, xIt. 851 

Leamington, iii. f. 21*— tL 155— xit. 192 , 

Leeds, iii. 94— tI. 159, 157 
Lirerpool, iii. f. 214— xiv. 351 
London, xiv. 851 
Longhborongh, iii. f. 214 
Lnton, Ti. 155 

Mwdetone, iit. 106, 107, 122 
HalTem, iii. C 214 
Manchestar, x. 71 
Hertbyr TydTil, tL 155 
Neveaslle, tL 157 
Northampton, ii. 170 
Norwich, xiv. 391 
iii f. 214 
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Peteriiead, iu. f. Sll 
Plymoatb, m. f. 214 
FoTtBmcnitli, iiL 41— xiT. 351 
FreetoD, iil. f. 214— vi. 157 
BMdinK, iL ITtt-ix. 106 
BhTl,iii. £214 
fioohdale, ri. 157 
RiiKbr, vi. 155 
SalToid, TL 155, 157 
Saliabur;, lir. S5I 
SilttDgboarDe, iu. f. 214 
BontbunptoQ, xIt. 851 
Btamfoid, XiT. 351 
Stilling, iii. f. 2U 
Btntford on Atoo, lil. 47 
Table of towne, xiv. 351 
Tevkwbarr, iii. f. 214 
Warwick, ill, 177. f. 214— is. 195 
West Darb7, vi. 155 
■Wolverbamptoa, Ti 156 
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Application form, ix. 1S5 

Artesiou «ell», IL 156— xiv. 362 

Boring appaialus, t. S9 

B7 riphoD, ix. 176, IS8, 195, 196, 197, 202 

Catabment uraa, xU. 51, 63, 65, 66, 69, 

111— liT. 354 
Ob»lk, X. 205— xiv. 171 
Oisterui, ix. 183, 189, 193 

oondemned, ix. 189, 198, 195 

Cost, i. 202 

of gnkTitating sohemee, xL 155 

Ciuteiled bjr meten, xL 164 
DiatributioQ, xii. 53 
Dometitio, bv meter, xi. 154 

from Bnatlow wellt, xi. 85 

proper, xii. 64 

Double ecrrioe, xii. 110 

Embanking, xiv. 355 

EatimatiDg from area of walersbed, xiv. 

355 
Fittings, tfld^ng, v. 39 
Flood wBtets, xiv. 356 
For oloHjta, t 190 
From dipping imperviotu beds, iv. 42 

pervious beds, iv, 43 

horizontal imperviotu beds, iv. 48 

pervious beds, iv. 48 

lateral adits, xiv. 207, 209, 210, 222, 

223 
— - roofs and paved snifaoea, xiv, 853 
Gauge, vi. 14S 

Good fittings indispensable, xiv. 353 
OoveruB sanitation, xi. 167 
Impounding, xiv. 355 
Inspection reduced by mcteiB, xi. 155 
Intermittent, objeotiona to, xiv. 353 
Mansion, to a, v. 142 
Metropolis Water Act, 1871, xiv. 364 
Minimum, xi. 155 



Potable iraier, proper Muicei of, L ST 
Pressure easeatial, xi. 92 

vatves, V. 136 

Prioe to ooQsumen, ix. 180, 189, 193, 195 

Public batKs, xiv. 277 

Pumping macliioeij, xiv. 362 

Pumps, ii. 178 

Bain vater tanks, xiv. 354 

Bates charged fordameatiesnpidT,xL 156, 

157, 160-3, 166 
Begnlations for, ix. 182, 189, 190 
Beservoirs, vi. 146— xiL 51, 63, 65, 66, 69, 

111— xiy. 854, 355 

concrete for, xii. 114 

lining, xii. 114 

Biver supplies, xiv. 357 



Sources xii. 110— xiv. 358 
Springs, xiv. 361 
Slop cooks, xiv. 174 
Btorags prnvision, xiv. 356 
Subsoil poUnled, xi. 90 
Tubes spanning valleys, iv. 58 
UndereTDUnd tanks, xi. 92 
Uodae velocity checked bj aatomatic re- 
dncing valve, v. 44 

wears out itUngs, v. 44 

Water-bearing straU of Brialol, Iv. 41 
Wells, xiv. 358 

884. WATEE SUPPLY PIPES 
Greatorex, J. E., paper, ill 41 

Action of soft water on, xiv. 354 
Ball Ups, iii. 44, 47— xiv. 865 
Bath inlets, iii. 46 

outlets, iii 46 

overfloir pipes, iii. 46 

supply, iii. 45— xiv. 867 

Boiler snpplf , iii. 45— xiv. 366 
BursUog in winter, iL 89, 100— v. 40 
Cast iron, viii. 21 
Cistenu, iii. 44— x. 238— xiv. 365, 366 

preventing from freoang, v. 40 

underground, iii. 44 

Communioatiou pipe, iii. 12, 43 — xiv. 364 

Conueotions, xiv. 365 

Go[q>er cjliudeiB retard freezing, li. 98 

Depth b^ow surface, iii. 43 

Dimansions, iii. 42 — xiv. 362 

Disoonneotton from rainwater, iii. 44 

Draw tapfl, iiL 45— xiv. 866 

Each bouse should have distinct lapply. 



iii. 53 

Fait to prevent freeziiig, 1 
b'ermla stop-cocks, iii, 43 
Fittiqgs, iil. 42— xiv. 36R 
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Fittings, sltcmtioDB of, iil. 47 
Fouling, protection from, iii. 43 
Frort, protecting from, ii. 100— ill 43. 45 

—v. 40— ix. 182 
GolToniasd iron pipe, iii. 43 — liT. S55 
Gas jet for keeping «arm, ii. 100 
Interior, ziv. 364 
Joints, Iii. 43— xIt. 365 
iMnbort'a tap, iiL 45 
Lajing, liv. 365 
Leaden, iii 42— xiv. 354 

Mwrocied, viii, 21 

weight, xiT. 364, 367 

Moteriols, liv. 365 
Meters for, li. 157 
Directions to, iit. 353 
Overflow pipes, iii. 44 
Place of, xiy. 364 
Plutaben, aulborised, Iii. 46 
PKsaure of ice irreaiatible, ii. 100 
Biutleai iron, riii. 22 

action of acidB on, viii. 23 

coating not injuri-J by espan- 

sion and oontniotion, viii. 23 
Screw down taps, iii. 45, 47 
Stand pi pee, iii. 43 
Slop toIvcb, iiL 44— liv. SCfl 
Strength, ii. 196 
Taps, bbI( cloiing, prewnre on, t. 58 

on tisiug BBTYioo pipo, I. 238 

Testing, ii. 179 



Tin, J 



r. 35* 



Traversing footpaths, vL 57 
T;lor'sjolDts,ix. 161 
Urinal sapplj, iiL 45-siv. 366 
Warning pipes, iii. 44— xiv. 365 
Waste, checking bj meter af stem, iii. 41 

pipes, iii, 44 

waCer meter syatem, iiL 49 

Water liutts, iii. 45 

closet, iii. -15— liv. 366 

■ — — tistemB, iii. 45, 47 

down pipes, ii" 
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- waste preveoting, iii 

Weight. iiL 42 
Wooden tonkE, iii. 45 
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Hereford, iv. 131 
Leamington, liv. 199, 201 
Liverpool, v. 43. 58 
Warwick, iii 181 
Table of lowna, liv. 351 



Defects, tabubiteil.L 164 
Delecting, siv. 201 

bj meters,!. 154— v. 43, 58 

in buried pipes, i. 163 

Detection ledger, liv. 176 

Dribbling waste nselesB in flushing sewers, 

i.158 
Due to fittings, iL 168, 169 
Forma for reoording cooBamptloD. i. 162 
Less with constant than with iaietmlttent 

snpplj, liv. 205 
Fresauie VBlvea, v. 136 
Preventioo, liv. 173, 199, 201, 205, 220, 

— by meters, li. 156, 164, 1G5 

desirable, L 157 

pntcticable, i. 157 

Saving, i. 159 

Testing pipes for, i. 163, 164— liv. 175 
Tyloi's Wftterplione, liv. 175 
Water maters in ever; house, iv. 137 
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Abingdon, is. 176 
Blacbbam,xiLll 
Bootlc, V. 38 
Bradford, iii. 109 
Bristiil, iv. 58 
Bnmley, zL 138 
Bury, X. 8 
Coventry, ii. 156 
East London, xiiL 84 



Hall, I 

KiddermlnBter, iv. 125— lut. 146, 152, 157 

King's Lyon, liv. 169 

Leamington, liv. 194 

Leeds, vi. 146 

Leicester, i. 206 

Liverpool, t. 38— xv. 6 

Northampton, ii. 170 

Nottingham, xiL 163 

Oxford, iii. 156 

Reading, IL ITS 

Sonthampton, iv. 49 

Stratford on Avon, siL 47 

Torquay, li 108 

;^mwy, ii. 18 

Warwick, ia 177-1*. 201 

Wolverhampton, iv. 231 

Conorete for, ziL 114 

Condiiita, IiL 50, 72, 111 

ooBt, iii. 180, 184-17. 126— ii. 198— 

XiL 53— xiv. 199— XV. 52 
Jennings and BrewerV level indicator, xiii. 

289 
Levels of liquids, registering, xiii. 389 
Perforated pipe adits, xiL 50, 70 
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Pnmpu^, coet. it. 60 
Pumpa, iii. 156, 157, 179— ii. 203 
Reaervoin, h. 53— x. 71— xi. 110, 1 
liii 1*6, 157 

ooDBtraotion, U. 177 

Teetiog flow, ix. ISl 

TnbeB Bpanning volleTB, it. 58 

Working ezpenaea, iii. 180 
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338. WAVBBTRBB 
Houee tefuM, zt. 192 
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390. WELLS 

Croydon, vi. 99 
Kidd«rDiiUBter, siii. 146 
Lenmington, xiv. 1S3, 207, 209 
iJouUumpton, it. 61 
Stntfotd OD Avon, sii. 17 

ATtedftn, xiv. 362 

strata, n. 99 

yield, ri. 99 

Blue lias, li. 90 

Chalk, X. 207— xL 92— xiT. 210— xv. 51, 

55 
Cone of deprasiloQ, xiv. 359 
OeologioaJ inflaeDoo, iL 90, 82 
Hydio-geological BarreTB, xIt. 358 
New red aandetoiie, iiii. 158— liv. 193, 

207,209 
Oolite, XiT. 151 
PoUntiou, xii. 110 

by aoramiilated bonis lefoaf , xi. 54 

ancient drfunage ayitem, xi. 90 

gasworkg, xi. Iil3 

»ewBge^ xiy. 151 

Bewen, ix. 38 

in aabainl, xL 90 

wideapread, xi. 85 

Shallow, ooDdemned, xL 9S 

domestio water anpply from, xi. 85 

BoppUea from, xiT. 8CS 

Buapioiona, it. 107, 113, 119 

Tubing, xiiL 151 

Undergronnd water flowi, xIt. 358 

With lateral ndits, xi*. 207, 209, 210, £22, 

223— XT. 65 
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District meetins', liv. 19 
Horsa-keep, xiii. 30* 
BemoTing hooae refuse, xi 
Street w ' 



BewtLge fann, i 
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89L WEST DEBBY 

Ciop« OD sewsge farm, tI. 117 

Draining irrigation f^ui, ri. 115 

Horse-keep, xiiL 301 

Bemoving tunue refuae, xi. 59 — xt. 192 

Irrigation farm, Ti. Ill 

Outfall eewets, tj. 115 

Popniatioti, ri. 115 

Famping sewage, Ti.llO, 120, 121 

" — SeTan . 

I eipenditnte, 

. LH5 
Tolnme, vi. 156 

works, Ti. 114 

area and cost, Ti. 1 15 

Soil of irrigation farm, tI 115. 120 
Tramways, Tiii. £25 
Water wpply, Ti. 155 

393. WEST HAM 
Diatiict meetiDg, L 213 
Uortality, il. 108 

Svpaciite system of drainage, ti. 33 
Sewage, solids in, iL 45 
Street improrementB, proE«dnre, xiii, 25 
watering, xii. 315 

893- WEST HAETLEPOOL 
District meeting, xiii. 90 
Horsa-keepL xiii. SOI 
BemoTiog house tefnae, xi. 59 

394. WESTON SUFEB MARE 
Sewage Tolnme, iL 158 

396. WHITBCHAFEL 
Destructor, xiiL 351 
Street TrateriDg, iii. 249 

89e. WHITEHAVEN 
BemoTing house refuse, xi. 59 
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